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From  the  Laboratory  of  Phytioloffical  Ckemitlry,  Jeffenon  Medical  College, 

Fhiladelpkia 

Received  for  publicatioD  September^,  1917 

la  connection  with  the  series  of  studies  being  carried  out  in  this 
laboratory  on  the  response  of  the  human  stomach  to  various  stimuli, 
it  appeared  that  the  determination  of  the  electrolytic  conductance  of 
the  gastric  contents  would  be  of  interest  in  supplementing  or,  possibly, 
in  part  replacing  other  methods  of  study.  A  retention  stomach  tube 
carrying  an  electrolytic  cell  was  therefore  devised  and  an  attempt 
made  to  determine  the  significance  of  variations  in  intragastric  con- 
ductance as  determined  with  the  aid  of  this  instrument. 

The  specific  conductance  of  any  solution  depends  only  upon  the 
number  of  ions  present  and  the  mobility  of  those  ions  being  thus  more 
specific  than  the  cryoscopic  index  which  is  influenced  also  by  the 
molecules  of  imdissociated  substances.  Stronj;  acids  and  bases  or  the 
salts  of  strong  acids  and  bases  are  very  completely  dissociated  in  solu- 
tion in  the  concentrations  commonly  met  with  in  physiological  fluids. 
Weak  acids  and  bases  and  their  salts  are  but  slightly  dissociated  and 
neutral  organic  substances  not  salts  do  not  ionise. 

It  follows  that  the  conductance  of  most  biological  fluids  is  dependent 
upon  their  content  of  salts  of  strong  acids  and  bases,  especially  sodium 


his  ia  the  first  of  a  series  of  researches  made  passible  by  a  (crutt  from 
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and  potassium  chlqcMeS,"  This  is  particularly  true  because  of  the 
relative  abundaiw^'-.of  chlorides  of  sodium  and  potassium  in  body 
fluids.  Thus  tlf<t^ood  and  bile  of  most  mammals  are  tiigh  in  chlorides 
and  possess,  cotisTderably  higher  conductances  than  milk  and  saUva 
which  ape.  Icfwer  in  chlorides. 

WhpVy*  study  the  gastric  juice  we  at  once  note  that  while  the  ash 
o£_tMs  nuid  is  very  low  as  compared  with  blood,  bile,  pancreatic  juice, 
_.^tt.-,'"its  conductance  is  much  higher  than  that  of  these  fluids.  Thus 
:  'Vtile  the  specific  conductance  of  bile  at  18°C.  is  130  X  10~*  reciprocal 
•  ohms  (1),  that  of  blood  serum  (2)  about  110  X  10"*,  and  that  of  saliva 
about  50  X  10-*,  the  conductance  of  pure  gastric  juice  (3)  is  over 
400  X10-*.  The  conductance  of  pure  gastric  juice  is  thus  due  very 
largely  to  the  hydrochloric  acid  which  it  contains.  The  total  chlorine 
of  gastric  juice  is  not  notably  higher  than  in  blood,  bile  or  pancreatic 
juice  but  the  gastric  secretion  conducts  a  current  much  more  readily 
than  either  of  the  other  fluids  because  of  the  great  mobility  of  the 
hydrogen  ion.  Thus  the  ionic  speed  at  18°C.  of  the  sodium  ioni843.5, 
of  the  potassium  ion  64.6,  of  the  chlorine  ion  65.5,  while  that  of  the 
hydrogen  ion  is  318.  A  tenth  normal  solution  of  hydrochloric  acid 
at  18°C.  has  a  speciiic  conductance  of  351  X  10-*  as  compared  with 
92.5  for  sodium  chloride  and  111.9  for  potassium  chloride. 

From  these  considerations  it  appeared  that  the  determination  of 
intragastric  conductance  might  be  used  in  many  cases  as  an  index  of 
the  concentration  of  hydrochloric  acid  in  the  stomach.  A  determination 
of  this  character  would  possess  the  advantage  over  titration  methods 
of  obtaining  the  desired  data  at  as  frequent  intervals  as  desired,  with- 
out any  disturbance  or  removal  of  gastric  contents.  Titration  methods 
for  free  hydrochloric  acid  in  the  presence  of  protein  are  especially 
unsatisfactory  because  of  the  further  dissociation  of  the  protein  salt 
during  the  course  of  analysis.  Phosphates  from  the  saliva  or  other 
sources  produce  a  similar  effect  while  the  coiormg  matter  of  certain 
foods,  especially  fruits,  may  make  titration  almost  impossible.  These 
diiEculties  are  avoided  by  the  electrometric  method.  The  values 
obtained  with  its  aid  will  be  more  accurate  indexes  of  the  hydrogen  ion 
concentration  (4)  the  higher  the  concentration  of  hydrochloric  acid  and 
the  lower  that  of  other  electrolytes. 

APPARATUS  AND   HETUOD 

The  cell  used  in  this  work  is  illustrated  in  figure  1.  It  consists  essen- 
tially of  a  hard  rubber  tip  of  the  size  used  in  the  Hehfuss  stomach  tube 
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(about  1  cm.  in  diameter),  slotted  however  in  only  one  direction  and 
made  in  four  pieces  for  convenience  in  wiring.    Into  this  tip  are  fitted 
opposite  to  each  other  the  two  platinum  electrodes,  about  10.0  X  6.0 
mm.  in  size.    All  edges  are  of  course  rounded  off  smoothly  bo  as  to 
cause  no  irritation  in  swallowing.    The  leads  consist  of  double  or  triple 
copper  wire  no.  36  about  3  feet  long  or  longer  if  it  is 
desired  to  pass  the  tube  into  the  intestine.     The  con- 
ductance of   the  wire  is  appreciable  and  must  be 
balanced  in  the  other  arm  of  the  bridge.     The  use  of 
heavier  wire  decreases  the  flexibility  of  the  tube  and 
it  is  desirable  to  maintain  this.    The  electrodes  must 
of  course  be  properly  platinized  by  the  electrolysis  of 
platinic  chloride  solution  and  must  be  kept  clean. 
The  cell  constant  is  readily  determined  by  means  of 
n  potassium  chloride  solution  whose  specific  conduct- 
ance at  Ig'C.  is  0.01119. 

The  tip  with  tubes  attached  is  swallowed  until  as- 
piration shows  it  to  be  resting  in  the  stomach.  The 
conductance  is  determined  in  the  ordinary  manner  ^ 
using  a  good  Wheatstone  bridge,  buzzer  and  telephone  ' 
receiver.  More  expensive  types  of  apparatus  are  not 
essential  for  intragastric  work.  Two  or  three  dry  cells 
will  furnish  current.  A  switch  convenient  to  the 
bridge  is  desirable  so  that  the  circuit  may  be  kept 
closed  as  much  as  possible.  The  buzzer  should  be 
enclosed  in  a  soundproof  box  and  placed  at  some  dis- 
tance from  the  bridge. 

The  thermocouple  used  is  a  base  metal  couple 
(copper  and  iron-constantan).  Fine  wire  (0.1  mm.)  is 
used  for  reasons  previously  mentioned  and  also  that 
the  current  through  the  cell  may  be  interfered  with 
as  httle  as  possible. 

The  couple  must  be  coated  with  paraffin  and  gas- 
tric juice  must  not  be  allowed  to  come  into  contact 
with  any  of  the  connecting   wires.     The  couple  is  ' 
placed  in  circuit  with<a  potentiometer  indicator  and  high  sensitivity 
minor  galvanometer.'    A  similar  arrangement  has  been  used  by  Stengel 

■  The  tips  uoed  were  made  for  ua  by  Chaa.  Lenli  &  Sons,  Philadelpbio,  &nd  all 
other  sppuratua  for  conductance  a.ad  temperature  meaaurements  by  the  Leeds 
i  Northup  Company  of  Philadelphia. 
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protecting  tube 
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and  Hopkins  (5)  in  the  study  of  intragastric  temperature.  By  this 
means  it  is  possible  to  observe  at  any  moment  the  temperature  of  the 
atomach  contents  by  merely  adjusting  the  indicator  until  the  galva- 
nometer stands  at  zero  and  then  reading  off  the  temperature  directly 
upon  the  indicator  scale. 

The  fact  that  conductance  increases  about  2  per  cent  for  each  degree 
rise  of  temperature  makes  accurate  observations  of  the  latter  necessary. 
The  stomach  is  a  fairly  good  thermostat  if  given  time  enough  to  adjust 
itself,  but  after  the  ingestion  of  cold  foods  or  hqiiids  of  any  kind,  a 
half  hour  or  more  may  be  required  to  reach  body  temperature.  By 
the  aid  of  the  thermocouple  it  is  possible  to  study  the  conductance  in 
this  early  period  after  the  ingestion  of  food  with  a  fair  degree  of  accuracy 
by  applying  a  temperature  correction.  The  tip  may  also  be  used 
simply  to  replace  dip  electrodes  for  determination  of  conductances 
of  small  amounts  of  fluids  in  test  tubes. 

In  studying  the  significance  of  intragastric  conductance  as  deter- 
mined with  this  apparatus  the  gastric  contents  obtained  by  aspiration 
at  fifteen  minute  intervals  were  analyzed  (6)  and  values  obtained 
compared  with  conductances  determined  at  the  same  intervals.  Total 
acidity  was  titrated  using  phennlphthalein  as  an  indicator,  and  free 
acid  in  most  cases  using  Toepfer's  reagent  although  in  a  few  cases  the 
Sahli  iodine  method  was  employed.  Pepsin  was  determined  by  a 
modified  Mett  method.  Trypsin  was  determined  by  Spencer's  method 
(7)  slightly  modified.  The  presence  or  absence  of  bile,  food  residues, 
etc.,  was  also  noted. 

EXPBRIUBNTAL  AND    DISCUSSION 

A  series  of  tests  was  first  made  using  water  and  sugar  solutions. 
These  were  practically  non-conducting  so  that  changes  in  conductance 
after  introduction  into  the  stomach  would  be  expected,  unless  other 
diluting  fiuids  were  involved,  to  be  due  mainly  to  the  hydrochloric 
acid  of  the  gastric  juice  secreted  in  response  to  the  stimulus.  The  four 
experiments  charted  in  figures  2,  3  and  4  show  that  under  these  condi- 
tions the  conductances  of  the  gastric  contents  ran  very  closely  parallel 
to  the  acidities  (total  acidity  and  free  hydrochloric  acid)  and  were 
mainly  dependent  upon  the  free  hydrochloric  acid  present. 

Conductances  for  convenience  are  plotted  in  whole  numbers,  a  value 
of  250  signifying  a  specific  conductance  of  250  X  10~*.  All  values 
for  conductance  were  obtained  at  body  temperature  (37*)  or  corrected 
for  deviations  from  this  temperature.    In  the  charts  the  curves  for 
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conductance  and  titration  vahies  for  free  hydrochlocic  acid  nearly 
overlap  because  the  conductance  of  -^  hydrochloric  acid  solution  at 
37°}  expressed  as  above  indicated,  gives  values  very  close  to  five  times 
the  titration  values  expressed  in  cubic  centimeteis  of  tt  alkali. 

These  experiments  show  that  ordinarily  after  the  introduction  of  a 
5  per  cent  sugar  solution  the  concentration  lowering  is  brought  about 


Fig.  4 


Fig.  5 


by  the  secretion  of  gastric  juice  of  nonnal  hydrochloric  acid  content, 
and  the  conductance  throughout  the  intragastric  phase  studied  is 
ahnost  entirely  dependent  upon  the  free  hydrochloric  acid  of  this 
secretion.  A  rather  utfusual  degree  of  parallelism  of  pepsin  with 
conductance  and  acidity  is  noted  in  figures  3  and  4,  particularly  the 
latter. 
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The  effect  of  the  introduction  of  100  cc.  of  0.45  per  cent  hydrochloric 
acid  solution  into  the  stomach  of  an  individual  of  low  acid  type  was 
studied.  The  results  are  given  in  figure  5.  Here  again  we  note  a 
parallelism  of  conductance  with  free  acidity,  both  values  falling  off 
rapidly.  That  the  fall  is  due  mainly  to  regurgitation  of  pancreatic 
juice  and  bile  was  shown  by  the  color  and  general  appearance  of  the 
later  samples.  The  high  concentration  of  hydrochloric  acid  has  how- 
ever destroyed  most  of  the  trypsin.  Note  the  relative  rise  of  the 
conductance  as  compared  with  free  acid  when  the  latter  falls  off  toward 
the  end  of  digestion. 

The  effect  of  "combined"  acidity  upon  conductance  is  well  shown 
■  after  the  administration  of  a  protein  food  such  as  bread  (see  fig.  6).  The 
values  for  conductance  closely  parallel  those  for  free  acid.  They 
lie  a  little  lower,  however,  indicating  that,  as  would  be  expected,  titration 
values  for  free  hydrochloric  acid  are  too  high  in  these  circumstaopes. 
The  regurgitation  of  bile  reduces  both  acidity  and  conductance  but  not 
in  direct  proportion.  The  conductance  rises  relatively,  due  to  the 
chlorides  of  the  bile.  The  "combined  "  acid  is  shown  to  have  relatively 
little  influence  on  conductance.  The  rise  in  pepsin  with  fall  in  acidity 
should  also  be  noted. 

The  experiment  charted  in  figure  7  illustrates  the  same  facts  as  the 
preceding  one,  the  parallelism  of  free  hydrochloric  acid  with  conductance, 
the  high  values  obtained  for  the  former  by  titration  and  the  relative 
rise  of  conductance  toward  the  end  of  digestion  when  regi;rgitation 
■  begins.  It  will  be  noted  also  that  while  the  free  acidity  starts  at  little 
above  zero,  the  conductance  is  already  100,  so  that  obviously  care  is 
necessary  in  ascribing  coniductances  at  so  low  a  level  to  hydrochloric 
acid. 

The  preceding  experiments  were  carried  out  on  normal  individuals 
and  indicate  the  usual  response  under  the  conditions  of  study.  Figures 
8  and  9  illustrate  experiments  on  an  individual  with  near-achyha. 
They  illustrate  clearly  the  point  just  mentioned  that  great  care  is 
necessary  in  interpreting  changes  in  conductance  when  the  values  he 
below  150. 

In  the  experiment  illustrated  in  figure  8,  500  cc.  of  distilled  water 
were  given.  The  conductance  rises  slowly  at  first  and  then  very  rapidly 
to  150,  although  the  free  hydrochloric  and  even  the  total  acidity  remain 
nearly  negligible  throughout.  The  reason  for  this  is  clearly  brought 
out  by  a  study  of  the  tryptic  values.  Marked  regurgitation  takes 
place  so  that  the  final  sample  is  nearly  pure  pancreatic  juice. 
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In  the  second  experiment  (fig.  9)  250  cc.  of  10  per  cent  sucrose 
solution  were  given.  The  result  was  similar  to  that  of  the  preceding 
experiment  except  that  evacuation  was  somewhat  delayed  by  the  sugar 
present.    In  both  of  these  cases  then  there  was  noted  a  parallelism 


Fig.  8 


Fig.  9 


of  conductance  with  trypsin  values  (that  is,  with  the  concentration  of 
pancreatic  juice),  gastric  secretion  being  entirely  secondary  in  its 
influence.  Such  findings  could  of  course  only  be  expected  in  acbyliai^. 
More  typical  of  normal  gastric  digestion  are  the  curves  given  in 
figure  10.    Here  the  total  acidity  b^ins  high  due  to  organic  acid 
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Fig.  10 


which  has  but  little  influence 
on  conductance.  After  about 
an  hour  regurgitation  of  pan- 
creatic juice  and  bile  begins 
as  indicated  by  the  tryptic 
values,  also  by  the  color  of 
samples  withdrawn.  Both 
acidity  and  conductance  fall 
sharply,  rise  due  to  secondary 
gastric  secretion  and  again  fall 
due  to  further  regurgitation. 
The  last  specimen  is  very  high 
in  tiypain  and  is  nearly  pure, 
pancreatic  juice.  Here  again 
may  be  noted  the  rise  of  con- 
ductance relative  to  free  acid- 
ity, so  that  the  final  sample 
has  hardly  any  free  acid,  but  has  a  conductance  of  165. 

Figure  11  shows  somewhat  similar  conditions.  Here,  however,  the 
tryptic  index  remains  very  low  and  the  intense  green  color  which  the 
samples  developed  on  standing  showed  the  regurgitated  fluid  to  be 
almost  entirely  bile.  The  reduction  of  acidity  is  more  gradual  than 
in  the  preceding  case  and  the  conductance  falls  off  less  rapidly.  Pepsin, 
as  in  the  preceding  case,  remams  nearly  constant  in  spite  of  the  dilution 
of  the  gastric  juice  by  regurgitation.  The  reason  for  this  is  not  entirely 
clear.  Certain  results 
of  this  type  indicate 
that  the  acidity  lower- 
ing may  be  due  in  part 
to  the  slightly  alkaline 
duodenal  and  pyloric 
secretions  which  con- 
tain pepsin.  It  has  not 
been  shown  however 
that  the  pepsin  contents 
of  these  fluids  are  suffi- 
ciently high  to  explain 
some  of  the  results  ob- 
tained. In  the  absence 
-of  regurgitation  the  pep- 
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sin  rises  with  the  acid, 
showing  a  certain  paral- 
leliBtn.  Regurgitaion 
brings  about  a  neutrali- 
zation of  acid,  while  pep- 
sin is  not  destroyed. 
Hence  the  latter  will  be 
expected  to  rise  rela- 
tively. 

The  organic  acid  of 
the  fruit  ingested  in  this 
case  causes  titration 
values  for  acidity  ^  lie 
considerably  above  the 
true  curve  for  free  hy- 
drochloric acid  which 
would  more  nearly  fol- 
low the  curve  for  conductance.  This  illustrates  the  value  of  conduct- 
ance determinatiouB  as  a  check  on  free  acid  where  ot^anic  acid  is  present. 
The  experiment  illustrated  in  figure  12  is  unusual  in  certain  respects. 
Here  we  have  very  marked  r^^ui^tation  of  pancreatic  juice  and  extreme 
changes  in  acidity  with  but  httle  influence  on  conductance.  In  this 
case  during  the  first  hour  and  a  half  the  acidity  (even  a  part  of  that 
titrating  as  free  hydrochloric  acid)  is  due  to  organic  and  "combined" 
acids  which  are  low  in  conductance.  The  conductance  is  so  low  in 
fact  that  the  values  obtained  are  but  slightly  above  those  for  pure 
pancreatic  juice  and  bile.  Hence  admixture  with  these  secretions 
produces  only  sUght  lowering 
of  conductance. 

In  figure  13  we  have  repre- 
sented a  case  of  almost  per- 
fect regulation  of  gastric 
acidity  by  means  of  regui^- 
tation.  The  acidity  remains 
nearly  constant  for  a  period 
of  two  and  a  half  hours.  As 
long  as  the  acidity  thus  re- 
mains constant  the  rise  in 
conductance  parallels  that  of 
trypsin.     When  the  acidities 
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become  markedly  reduced,  however,  the  relation  of  trypsin  to  con- 
ductance becomes  inverse  because  of  the  lower  conductance  of  pan- 
creatic juice. 

In  this  case  no  water  was  taken  and  the  solution  entering  the  stomach 
viBs  salivary  in  character  and  hence  relatively  high  in  phosphate. 
This  accounts  for  the  marked  difference  between  free  and  total  acid 
which  we  regularly  find  in  such  cases.  The  conductance  of  the  alkali 
phosphates  being  low,  the  conductance  curve  more  nearly  follows  that 
for  free  hydrochloric  acid.  Several  samples  of  saliva  tested  by  us 
have  shown  a  conductance  of  50-60  X  10~*  at  37°.  This  is  appre- 
ciably lower  than  values  given  in  the  literature  although  filtered  saliva 
may  have  been  employed  in  earher  determinations. 

SUHUAHT  AND   CONCLUSIONS 

A  retention  stomach  tube  in  the  form  of  an  electrolytic  cell  has  been 
devised  which  makes  possible  the  determination  of  intragastric  con- 
ductances at  any  desired  interval  of  time  without  disturbance  or 
removal  of  gastric  contents.  It  may  also  be  used  in  place  of  dip  elec- 
trodes. .The  tip  contains  a  thermocouple  which  makes  presible  intra- 
gastric temperature  determinations  and  corrections,  and  an  aspiration 
tube  by  means  of  which  samples  of  gastric  contents  may,  if  desired, 
be  collected  for  analysis. 

By  means  of  this  apparatus  intragastric  conductance  variations  were 
studied  in  connection  with  determinations  of  total  acidity,  free  hydro- 
chloric acid,  pepsin  and  trypsin.  The  conductance  of  gastric  juice 
is  mainly  due  to  the  free  hydrochloric  acid  which  it  contains  and  the 
same  is  usually  true  of  the  gastric  contents. 

After  the  introduction  of  water  or  solutions  (as  sugar  solutions)  of 
very  low  conductance,  the  curve  for  conductance  very  closely  follows 
the  curve  for  free  and  total  acid.  This  indicates  that  the  equaUzation 
of  osmotic  concentration  is  brought  about  primarily  by  secretion  of 
normal  gastric  juice. 

After  the  ingestion  of  food  containing  protein  the  conductance  curve 
usually  hes  below  that  for  free  hydrochloric  acid  as  determined  by 
titration  because  the  latter  values  are  high  due  to  gradual  dissociation 
of  the  protein  salt.  In  the  presence  of  weak  organic  acid  as  after  fruit 
ingestion  or  of  phosphate  as  where  much  saliva  is  swallowed,  the  con- 
ductance falls  below  titration  values  and  is  a  better  measure  of  free 
hydrochloric  acid. 
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Aside  from  the  swallowing  of  saliva,  the  conductance  of  which  is 
low,  intragastric  conductance  is,  after  the  first  hour  or  so  of  digestion, 
almost  always  considerably  modified  by  the  regurgitation  of  pancreatic 
juice  or  bile  or  both  and  possibly  to  a  lesser  extent  by  pyloric  and  duo- 
denal secretions.  The  conductance  of  pancreatic  juice  and  bile  being 
usually  very  low  as  compared  with  that  of  the  gastric  contents  at 
maximum  acidity,  regurgitation  tends  to  markedly  lower  intragastric 
conductance  as  well  as  acidity.  Conductance,  however,  rises  relative 
to  free  hydrochloric  acid  on  account  of  the  higher  salt  content  of  these 
regui^itat«d  secretions.  After  the  ingestion  of  mineral  acid,  neutral- 
ization is  brought  about  in  the  same  manner  as  during  digestion. 

In  achylias  where  intragastric  digestion  is  mainly  pancreatic  in 
character  the  conductance  was  found  to  parallel  the  concentration  of 
pancreatic  juice  as  measured  by  the  tryptic  index. 

Studies  of  intragastric  digestion  by  this  method  as  well  as  of  the 
influence  of  salt  solutions  in  the  stomach  and  upper  intestine,  are  bemg 
continued. 

The  author  is  mdebted  to  Dr.  P.  B.  Hawk,  Dr.  C.  A.  Smith  and  Mr. 
R.  J.  Miller  for  the  privilege  of  using  certain  of  these  cases  and  data. 
He  desires  also  to  thank  Messrs.  H.  S.  Sargent  and  E.  L.  Small  for 
assistance  in  enzyme  detenninations. 
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Iq  the  beginning  of  the  nineties  I  devised  an  air-tight  pleura  cannula. 
The  late  Prof.  Hugo  Kronecker  who  in  1893  saw  the  efficient  working 
of  the  cannula  in  my  private  laboratory  asked  me  to  give  him  a  brief 
description  of  it;  this  sketch  he  published  later  in  two  journals  (l). 
At  the  tenth  annual  meeting  of  the  American  Physiological  Society  (2) 
I  showed  the  cannula  in  connection  with  another  demonstration,  but 
published  no  description  of  the  cannula  itself. 

About  fifteen  years  ago,  I  made  an  essential  change  in  the  construc- 
tion of  the  cannula.  It  b  the  latter  construction  which  we  have  been 
using  in  our  laboratory  since  1904.  The  cannula  was  often  mentioned 
in  papers  which  emanated  from  our  department,  but  we  never  pub- 
lished a  description  of  its  construction.  In  connection  with  the  fol- 
lowing paper  of  Dr.  A.  L.  Meyer,  in  whose  investigation  the  cannulas 
played  an  essential  part,  I  decided  to  publish  the  following  brief  de- 
scription of  our  pleura  cannula  in  its  present  form. 

Figure  1  presents  the  later  type  of  pleura  cannula  when  all  its  parts 
are  connected;  the  rubber  gasket  and  two  leather  washers  are  here 
omitted. 

Figure  2  shows  the  four  parts  composing  the  pleura  cannula. 

Part  1.  When  the  larger  branches  are  put  tc^ther,  the  entire  parts 
presents  a  T-shaped  hollow  cylinder  terminating  in  two  flat  plates 
(feet).  The  vertical  cylinder  carries  on  about  three-fourths  of  its 
length  a  spu-al  ridge  (thread).  The  feet  which  taper  toward  the  bev- 
eled end  are  flat  on  the  lower  surface  and  slightly  rounded  on  the  upper 
side.  Both  halves  of  the  cylinder  hinge  at  the  heel.  When  they  are 
separated  to  90  degrees  the  entire  part  assumes  ^ain  a  T-shape  in 
which  both  feet  form  one  branch  that  stands  perpendicular  to  the  hori- 
zontal lines  formed  by  the  halves  of  the  cylinder. 

Part  IS  is  &  rosette  shaped  plate  with  an  opening  in  the  middle  which 

is  shghtly  lai^r  than  the  diameter  of  the  cylinder  of  part  1.     Around 

12 
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the  opening  are  arranged  about  twenty  or  more  sectors  of  a  flat  S 
shape.  The  sectors  are  elastic  and  when  the  plate  is  pressed  down  it 
acte  like  a  spring  and  adapts  itself  to  the  elevations  and  grooves  of  the 
thoracic  wall. 

Part  S.  This  ia  simply  an  eictemal  (female)  screw  adapted  to  the 
thread  of  the  cylinder  in  part  1. 

Part  4  presents  a  cylinder  the  lower  part  (^  which  is  ^ain  an  exter- 
nal (female)  screw  of  the  same  bore  as  the  previously  mentioned  screw 
(part  3).     At  the  end  of  the  screw  the  cylinder  carries  a  stopcock  and 


Fig.  1 
Fig.  1.    The  newer  type    I 
of   the   pleura    cannula;  „.      . 

the  rubber  guket  and  two  ^' 

leather  waebera  are  here        Fig.   2.    The  four  eMential    parts   composinR   the 
omitted.  cannula.    The  descriptioD  is  given  io  the  text. 

terminates  with  a  conical  thickening  for  the  making  of  an  air-tight 
connection  with  rubber  tubing. 

For  the  introduction  and  fastening  of  the  cannula  the  procedure  is 
to  be  as  follows:  In  the  fourth  intercostal  space,  at  about  the  jimction 
between  the  anterior  and  middle  part  of  the  ribs,  a  small  incision  is 
made  with  a  knife  through  the  skin  and  the  muscles  and  the  pleura 
is  broken  with  a  blunt  instrument  of  a  small  diameter.  The  feet  of 
part  1  are  now  put  together  and  pushed  through  the  small  opening  into 
the  pleural  cavity.    Now  each  half  of  the  cylinder  is  raised  to  90  de- 
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grees  until  tbey  form  an  externally  protruding  tube  while  the  sepa- 
rated feet  are  dow  restii^  on  the  opposing  ribs  and  at  right  angles  to 
them.  Over  the  cylinder  a  round  gasket  of  soft  rubber,  with  an  open- 
ing in  the  middle,  is  now  pushed  down  to  the  skin  and  is  followed  by  the 
rosette  shaped  plate  (part  2);  a  leather  washer  is  pushed  down  to  the 
plate  and  then  the  external  small  screw  (part  3)  is  screwed  down  very 
tightly  so  as  to  keep  the  cylinder  in  place  and  adapt  the  sectors  of  the 
rosette  shaped  plate  to  the  uneven  parts  of  the  thoracic  wall.  While 
this  is  done  the  cylinder  should  be  grasped  firmly  bo  that  the  position 
of  the  feet  in  relation  to  the  ribs  should  remain  unchanged.  Now  fol- 
lows another  leather  washer,  upon  which  part  4  is  t^htly  screwed  down. 
The  collapsed  lung  is  now  being  distended  and  the  stopcock  so  turned 
that  no  air  can  enter  again  into  the  pleural  cavity. 

In  dogs  the  distention  of  the  lung  can  be  done  either  by  blowing 
through  a  tracheotomy  tube  or  still  better,  through  an  intratracheal 
tube  introduced  through  the  mouth  and  larynx;  in  the  latter  case  it  is 
well  to  exert  briefly  a  slight  pressure  just  above  the  larynx.  For  rab- 
bits (and  cats)  there  is  a  simpler  method  of  distention.  The  trachea 
should  be  compressed  while  the  abdomen  and  the  liver  are  pressed  up- 
wards; the  air  of  the  uncollapsed  lung  has  no  other  place  for  escape 
than  to  enter  into  the  collapsed  lung. 

The  protruding  end  of  the  pleura  cannula  is  now  to  be  connected  by 
means  of  tubing  with  a  Marey  tambour.  The  tubing  has  to  have  a 
T-tube  bearing  a  pinch  cock.  While  the  stopcock  of  the  cannula  is 
still  closed  the  pinch  cock  is  opened  and  an  atmospheric  line  is  drawn 
on  a  revolving  smoked  drum.  After  closing  the  pinch  cock  and  open- 
ii^  the  stopcock  of  the  pleura  cannula,  the  respiration  is  marking  its 
undulations  upon  the  revolvii^  drum.  If  everything  is  done  properly, 
the  tops  of  the  expiratoiy  elevations  remain  below  the  atmospheric  line 
— an  evidence  of  the  existence  of  the  negative  pressure  in  the  pleural 
cavity.  It  is  essential  that  the  rosette  plate  be  tightly  screwed  down. 
When  this  is  the  case,  no  change  in  the  relations  of  the  respiratory  move- 
ments to  the  atmospheric  line  is  taking  place  except,  of  course,  under 
special  conditions  (pressure  upon  the  abdomen,  strong  active  expira- 
tions, stimulations  of  the  vagus,  inferior  or  superior  laryngeal  nerves, 
etc.).  It  may  happen  occasionally  that  by  over-distending  the  lung 
the  pleural  opening  into  the  cannula  .may  become  closed  up  by  a  slip 
of  the  lung.  This  can  be  remedied  by  compressing  the  thorax  in  the 
dorso-abdominal  direction.  But  it  is  altogether  not  necessary  to  over- 
distend  the  lung;  the  presence  of  a  very  small  amount  of  air  in  the 
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pleural  cavity  will  not  interfere  with  moat  of  the  conditions  which  we 
wish  to  study.  I  wish  to  mention  the  further  fact  that  in  pushing  in 
the  feet  of  the  cylinder  it  may  happen  that  no  sufficient  opening  in  the 
pleura  is  made  and  that  the  feet  may  even  remain  outside  of  the  parietal 
pleura.  It  is  therefore  advisable  that  the  feet,  before  permitting  them 
to  separate,  should  be  pressed  well  down  into  the  pleural  cavity,  and 
furthermore,  before  screwing  on  part  4  a  probe  should  be  pushed  into 
the  cylinder  in  order  to  obtain  evidence  that  the  pleural  cavity  is 
freely  connected  with  the  cannula.' 
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'  The  cannula  may  be  obtained  from  Georg  Tieman  ft  Ckimpany,  107  Park  How, 
New  York  City. 
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INTRODUCTION 

The  purpose  of  this  paper  is  to  present  a  new  method  of  obtaining 
a  sample  of  air  from  the  Iimgs  of  animals.  The  method,  in  essence, 
consists  in  the  introduction  of  air  under  pressure  into  both  pleural 
spaces,  the  lungs  being  thereby  completely  compressed  and  their 
contents  forced  into  a  rubber  bag  attached  to  a  tracheal  cannula.  In 
this  manner  all  the  air  is  collected  with  the  exception  of  a  small  quan- 
tity which  remains  m  the  uncoUapsible  portion  of  the  system,  namely 
the  bronchi,  trachea  and  cannula  (dead  space).  The  bag  therefore 
contains  a  mixture  of  supplementary  and  residual  air. 

The  procedures  hitherto  employed  fall  roughly  within  two  groups. 
During  the  latter  third  of  the  nineteenth  century  samples  of  pulmonary 
air  were  obtained  after  either  the  entire  air  within  the  lungs  or  only 
a  portion  of  the  air  had  been  brought  into  equilibrium  with  the  gases 
of  the  venous  blood.  This  is  essentially  the  principle  of  the  methods 
adopted  by  PflQger  and  his  school.  To  mention  only  a  few  names  of 
this  school,  Wolffberg  (1)  and  Nussbaum  (2),  experimenting  on  dogs, 
used  Pfliiger's  lung  catheter  which  enabled  them  to  occlude  a  portion 
of  the  pulmonary  air  until  equilibrium  had  been  established.  The 
percentages  of  carbon  dioxid  which  they  found  were  distinctly  lower 
than  those  obtained  later  by  Loewy  and  von  Schrotter  {3},  These 
investigators  appUed  the  same  principle  in  human  beings  and  succeeded 
in  giving  the  technique  greater  refinement  with  the  aid  of  bronchoscopy. 
Plesch,  (4)  dispensing  with  the  use  of  the  catheter  but  still  adhering 
to  the  same  principle,  had  his  subjects  rebreathe  air  from  a  rubber 
bag  until  the  mixture  of  gases  within  the  system  had  become  homo- 
geneous and  had  reached  the  same  tension  as  the  carbon  dioxid  and 
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oxygen  of  the  venous  blood.    This  method  in  modified  form  has  enjoyed 
fairly  extensive  use  in  clinical  investigation  (6). 

In  all  of  these  procedures  the  air  within  the  lungs  is  modified  and 
its  analysis,  consequently,  does  not  represent  the  composition  of  the 
air  normally  present  in  the  lungs  at  any  single  moment.  In  the  group 
next  to  be  considered  samples  of  pulmonary  air  are  obtained  without 
first  subjecting  it  to  conditions  which  materially  modify  its  composition. 
While  these  methods  are  pretty  generally. understood,  I  shall  never- 
theless mention  them  in  some  detail  for  purposes  of  comparison  with 
my  own  method. 

In  1906  Haldane  and  Priestly  (6)  introducftd  a  method  of  obtaining  a  sample 
of  alveolar  air  in  human  beings.  The  subject  takes  a  comfortable  position  and 
waits  until  his  respirations  have  become  regular.  At  the  end  of  a  normal  inapt- 
ration  he  expires  suddenly  and  very  deeply  through  a  rubber  tube  1  inch  in  di- 
ameter nnd  about  4  feet  long,  provided  with  a  mouthpiece,  and  instantly  closes 
the  tube  by  applying  his  tongue  to  the  mouthpiece.  From  the  portion  of  the  tube 
nnareat  the  mouth  a  sample  is  then  withdrawn.  In  a- second  experiment,  a. 
nmple  is  taken  at  the  close  of  deep  expiration,  following  a  normal  expiration. 
The  mean  result  of  the  percentages  thus  obtained  represents  the  mean  composi- 
tion of  the  alveolar  air.  In  the  cue  of  J.  S.  H.  the  average  percentage  of  alveolar 
carbon  diozid  was  6.63,  while  the  highest  percentage  was  5.87  and  the  lowest 
fi.40.  In  the  case  of  J.  G.  P.  the  average  percentage  was  6.2S;  the  highest  CSS 
and  the  lowest  5.9S. 

Boycott  and  Haldane  (7)  made  five  determinations  during  a  period  of  one  sad 
a  half  hours  at  a  room  temperature  of  18.4°  to  19.0°C.  The  actual  perc^itages 
of  carbon  dioxid  were  5.42,  6,66,  6.62,  6.34,  6.62.  Fitigerald  and  Haldane  (fp 
studied  the  variations  in  carbon  dioxid  percentages  of  the  alveolar  air  during 
two  successive  nights  and  days.  There  were  twenty-five  determinations.  They 
state  that  the  figures  of  the  last  twenty-four  hours  were  probably  influenced  by 
exhaustion.  If  then  we  take  the  fourteen  percentages  from  5.A5  p.m.  ta  6.15 
p.m.  which  are  means  of  two  or  three  detenninations,  we  obtain  an  average  of 
4.93;  the  percentages  showing  maximum  deviation  from  the  mean  were  4.73  ^d 
E.Zl ;  those  showing  a  minimum  deviation,  4.91  and  4.96.  In  another  experiment 
carried  out  from  8  a.m.  to  7.30  p.m.,  there  were  seven  determinations  with  an 
average  of  4.81. '  In  this  case  the  percentages  showing  the  widest  deviation  from 
the  mean  were  4.62  and  4.95,  while  those  with  the  smallest  deviations  were  4.8D 
and  4.66. 

The  differences  between  individual  determinations  carried  out 
according  to  the  method  of  Haldane  and  Priestley  are  Easily  underwood 
when  one  remembers  that  the  depth  of  successive  respiriitions  nearly 
always  varies  in  most  persons.  Not  only  is  its  use  difficult  in  certain 
pathological  cases  owing  to  the  deep  expirator>'  effort  required,  but 
experience  shows  that  even  in  normal  individuals  its  successful  appli- 
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cation  depends  upon  an  intelligent  and  willing  cooperation  on  the  part 
of  the  subject. 

Lindhard  (9)  has  described  what  may  be  considered  a  modification  of  the 
Ha ldane~ Priestley  method.  A  sample  of  air  is  obtained  at  the  close  of  several 
expirations.  The  respirations  take  place  through  a  valved  apparatus  and  an 
air-tight  mask  covering  nose  and  mouth.  A  narrow  lead  tube  ending  immediately 
below  the  expiratory  valve  and  opposite  the  mouth  leads  to  a  sampling  tube 
filled  with  mercury.  The  top  of  the  receiver  is  turned  at  the  end  of  an  expiration. 
A  small  sample  is  taken.  Thisls  repeated  until  the  fractional  samples  total  50  cc. 
The  experience  of  Boothby  and  Peabody  (10)  has  shown  that  the  essential  point 
in  Lindhard'a  method  is  the  exact  time  at  which  the  samples  are  collected.  Fur- 
thermore it  was  found  difficult  to  obtain  accurate  samples  with  a  tidal  air  of  but 
300  cc.  They  proceeded  to  modify  the  method  to  the  extent  of  not  only  omitting 
the  valve  and  placing  the  lead  tube  as  far  back  in  the  mouth  as  was  consistent 
with  comfort  but  of  requesting  the  subject  to  expire  600  to  800  cc,  upon  a  given 
signal,  whereupon  the  tap  was  turned  and  3  to  5  cc.  were  withdrawn.  This  was 
repeated  until  a  sufficiently  large  sample  had  been  obtained.  Successive  samples 
in  one  subject  gave  partial  preasuresof  3S.3;40.9;  39.1;  33.8  mm.  Hg.  The  results 
are  in  agreement  with  those  found  by  the  Haldane -Priestley  method. 

The  only  effort  to  obtain  a  sample  of  the  unmodified  pulmonary  air 
in  animals  by  a  method  conforming  in  principle  to  my  method  is  that 
of  Scott  (11).  He  experimented  on  cats  and  analyzed  the  last  portion 
of  the  air  obtained  by  compression  of  the  thorax  and  abdomen. 


Scott  hnds  that  great  variations  occur  in  the  same  animal  during  the  course  of 
an  experiment.  Ether  and  urethane  were  used  as  the  anesthetic  aKcnts.  During 
the  period  between  10.23  and  1.30,  seven  analyses  were  made.  The  body  tem- 
perature fell  3.5''C.  Two  samples  taken  at  an  interval  of  seventeen  minutes 
showed  the  percentages  of  carbon  dioxid  to  be  4. 68  and  4.23;  two  other  samples 
twenty  minutes  apart  contained  4.25  and  4.04  per  cent  of  carbon  dioxid.  Two 
successive  samples  taken  at  an  interval  of  one  hour  showed  no  difference.  From 
1.44  to  5.30  in  the  same  experiment  eight  determinations  were  made.  The  average 
percentage  of  carbon  dioxid  was  4.39,  while  the  percentages  showing  maximum 
deviation  were  4.21  and  4.53;  those  showing  minimum  deviation  were  4,34  and 
4,44,  During  the  first  six  determinations  of  this  period  the  body  temperature 
rose  about  3°C;  during  the  last  two  it  fell. 

In  the  Haldane-Priestley  method  and  its  modifications,  as  well  as 
in  the  method  used  by  Scott  the  sample  for  analysis  consists  of  only  a 
small  part  of  th^air  within  the  lungs,  either  the  last  portion  of  a  forced 
expiration,  or  an  expiration  somewhat  deeper  than  the  nonnal  tidal 
air  of  the  subject,  or  else  the  last  part  of  the  air  obtained  by  forcible 
compression  of  the  thorax  and  abdomen.  In  each  case  a  considerable 
volume  of  air  remains  in  the  lungs.    When  manual  compression  of  the 
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thorax  is  practiced  in  young  cats  one  may  possibly  greatly  diminish 
the  residual  air  remaining  in  the  lungs,  but  I  believe  it  is  quite  unlikely 
that  one  could  thereby  force  out  ail  the  residual  air. 


Referring  to  the  foregoing  remark  I  wish  to  state  that,  while  it  is 
not  the  purpose  of  the  method  presently  to  be  set  forth  to  analyae 
especially,  the  residual  air,  nevertheless  the  residual  air  is  in  lai^  measure 
recovered  by  this  method  and  together  with  the  entire  supplementary 
air  constitutes  the  sample  for  analysis. 

In  the  present  series  the  experiments  were  made  on  dogs  that  had 
been  without,  food  for  about  twenty-four  hours.  Chloretone,  dissolved 
in  olive  oil,  was  used  as  the  anesthetic.  It  was  administered  intra- 
peritoneally,  in  the  dose  of  0.24  to  0.30  gram  per  kilogram  of  body 
weight  Fifteen  to  thirty  minutes  later  tracheotomy  done  in  the  usual 
manner  was  followed  by  the  insertion  and  firm  fixation  of  a  T-shaped 
glass  cannula.  Next  a  special  cannula,'  devised  by  Meltzer  (12)  and 
used  in  this  laboratory  for  some  years,  was  placed  in  each  pleural  cavity, 
in  the  fourth  right  and  fifth  left  intercostal  spaces,  sufficiently  near 
the  lateral  line  to  avoid  the  thick  sternal  and  pectoral  muscles.  Once 
the  pleural  cannulas  had  been  placed  it  became  necessary  to  redistend 
the  lungs  and  reestablish  the  intrathoracic  negative  pressure.  This 
was  readily  accomplished  by  the  introduction  into  the  tracheal  cannula 
of  air  under  a  pressure  of  40  mm.  Hg.  maintained  for  fifteen  seconds. 
This  pressure  was  found  to  be  most  effective  if  the  abdomen  was  coin- 
,  cidently  compressed.  It  is  also  well  in  order  to  insure  free  exit  of  air 
from  the  pleural  spaces  during  inflation  to  compress  alternately  the 
anterior  and  posterior  regions  of  the  thorax.  The  stopcocks  of  the 
cannulas  were  closed  before  the  inflation  was  discontinued.  As  a 
matter  of  fact  the  maximum  negative  pressures  are  rather  to  be  avoided 
owing  to  the  frequency  with  which  the  lungs  block  the  internal  openings 
of  the  cannulas.  Such  an  accident  would  obviously  interfere  with  the 
kymographic  record  and  be  apt  to  give  an  erroneous  impression  both 
of  the  amount  of  negative  pressure  and  the  character  of  the  respirations. 
For  this  reason  I  have  thus  far  used  negative  pressure  somewhat  below 
the  maximum.  How  successfully  one  might  omit  the  kymographic 
record  and  work  with  the  maximum  negative  pressure,  has  not  been 
established. 

'  The  uw  of  this  CMinula  for  the  preseot  purpose  is  due  to  the  ausgestioD 
of  Doctor  Meltter. 
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It  is  alwajrs  important  to  test  the  pleural  spaces  for  air-tigbtneae. 
It  should  be  possible  to  maintain  a  negative  pressure  within  the  thorax 
of  70  mm,  HjO  for  an  indefinite  period.  If  any  change  occurs  it  ought 
to  be  in  the  direction  of  an  increase  rather  than  a  decrease  becauseof 
the  gradual  absorption  of  gases  from  the  pleural  cavities.  The  pleural 
cannulas  were  therefore  connected  by  means  of  a  Y-piece  and  suitable 
rubber  tubing  with  a  Marey  tambour  and  a  water  manometer.  A 
record  of  the  negative 
pressure  and  respiration 
could  then  be  made  upon 
smoked  paper. 

Now  as  to  the  procedure 
immediately  preceding  the' 
sample:  A  small  sized  rub- 
ber bag  of  approximately 
100  CO.  having  been  at- 
tached to  the  tracheal 
cannula  as  indicated  in 
figure  1,  the  pleural  can- 
nulas were  connected  by 
means  of  a  Y-piece  with 
a  source  of  air  pressure. 
A  mercury  valve  intro- 
duced at  8  allowed  the 
escape  of  air  in  excess  of  ■ 
the  desired  pressure  (40  , 
mm.  Hg).  The  next  steps 
followed  in  quick  suc- 
cession. While  compressing  the  rubber  tube  Z  of  the  bag  with  the 
forefinger  and  thumb  of  the  left  hand,  the  screw-clamp  3  and  stopcocks 
of  the  cannulas  were  opened;  closure  of  the  cannula  at  6  immediately 
at  the  end  of  the  next  expiration  was  followed  by  the  opening  of  the 
pressure  valve  7  and  release  of  forefinger  and  thumb  at  2.  The  entrance 
of  air  into  the  pleural  sacs  compressed  the  lunge  and  forced  their  con- 
tents into  the  rubber  bag.  The  filling  of  the  bag  was  completed  in 
about  the  time  it  requires  to  make  a  forced  expiration.  The  remaining 
part  of  the  procedure  consisted  in  the  opening  of  the  tracheal  cannula 
at  6,  the  disconnection  of  the  air  pressure  and  the  reSstablishment  of 
the  negative  pressure.  While  apparently  complicated,  with  a  httle 
practice  the  st«ps  involved  need  not  consume  one  minute. 


Fig.  1.  Diagram  A  shows  rubber  bag  attached 
to  a  T-sbaped  gtaes  cannula.  Bag  may  be  closed 
by  means  of  acrew-clainp  S.  Rubber  tubing  0 
may  be  riosed  with  a  pair  of  hemostatic  forceps 
S.  B  represents  the  pressure  connections.  Air 
entering  at  It  passes  into  pleural  spaces  through 
Y-piece  II  attached  to  pleural  cannulas,  when 
stop-cock  7  is  open.  Tubing  IS  can  be  discon- 
nected at  10  and  attached  to  the  tracheal  can- 
nula for  inflation  of  the  lungs. 
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In  analyzing  the  air  in  tbe  bag  I  followed  the  technique  described 
by  Haldane  in  connection  with  his  smaller  apparatus  (13)  It  is  of 
great  importance  that  the  rubber  bag  should  not  be  too  large.  An  ordi- 
nary nitrous  oxid  bag  is  much  too  large  for  tbe  volume  of  air  obtained 
from  a  dog  of  6  to  10  kgm.  It  was  found  that  the  analysis  of  two 
samples  taken  from  a  large  bag  differed  widely.  The  size  of  tbe  bag 
must  be  such  as  to  permit  rapid  and  complete  diffusion.  On  the  other 
hand,  the  ba|;  must  not  be  so  small  as  to  offer  resistance  and  prevent 
the  entrance  of  the  full  amount  of  air. 

BOIEE   RESULTS 

It  was  important  to  determine  at  tbe  outset  whether  analyses  of 
samples  collected  in  this  manner  would  yield  uniform  result«  in  one  and 
the  same  experiment.  In  the  present  series  of  experiment«  (table  1) 
no  precautions  were  taken  to  maintain  the  body  temperature  of  the 
animal.  Heat  was  applied  in  certain  experiments  of  another  series 
but  tbe  results  will  be  reserved  for  a  subsequent  paper.  Furthermore 
only  the  carbon  dioxid  was  studied;  no  analyses  were  made  of  the 
oxygen. 

In  all  of  the  experiments  uniformity  in  the  percentages  was  exhibited 
either  immediately  or  after  a  variable  preliminary  period.  In  table 
2  the  experiments  appear  in  condensed  form.  Tbe  second  column  of 
this  table  shows  the  time  that  elapsed  between  tbe  Brst  and  last  samples 
of  each  experiment,  while  tbe  third  column  indicates  the  time  during 
which  the  percentages  remained  uniform. 

In  the  course  of  three  and  a  half  hours  seven  samples  were  obtained 
and  analysed  in  the  first  experiment.  It  is  evident  that  constancy 
was  present  from  the  beginning.  The  average  percentage  of  the  period 
was  5.37;  the  percentages  showing  maximum  deviation  from  the  average 
were  5.23  and  5.51. 

The  first  three  samples  of  tbe  second  experunent  showed  fluctuation 
in  the  percentages,  whereupon  tbe  carbon  dioxid  became  uniform  and 
continued  so  for  a  period  of  over  three  hours,  during  which  eight  samples 
were  obtained.  The  percentages  showing  maximum  deviation  from 
the  average  of  6.03  were  5.85  and  6.24. 

In  the  third  experiment  the  first  four  analyses  again  presented  marked 
differences.  Uniformity  in  the  carbon  dioxid  was  observed  however 
for  a  period  of  two  hours  beginning  at  2.32  p.m.  During  thb  time 
eight  samples  were  taken.  The  average  figure  for  the  period  was  5.82 
while  those  exhibiting  maximum  divergence  from  the  mean  were  5.65 
and  6.01. 
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The  carbon  dioxid  in  the  fourth  experiment  was  constant  for  a  period 
of  over  three  hours.  Eight  analyses  were  made  in  this  time.  The 
percentages  with  the  maximum  deviation  from  the  mean  of  4.81  were 
4.64  and  4.95,  One  of  the  percentages  was  comparatively  low  owing 
to  a  marked  increase  in  the  rate  and  depth  of  the  respirations. 
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Uniformity  in  the  percentages  of  carbon  dioxid  was  inunediate  in  the 
fifth  experiment  and  continued  for  more  than  one  and  a  half  hours. 
During  this  period  five  samples  were  analyzed.  The  average  was  5.61 
while  5.53  and  5.64  were  the  figures  showing  the  greatest  deviation 
from  the  mean. 

Again,  in  the  sixth  experiment  the  carbon  dioxid  exhibited  uniform 
behavior  with  a  period  of  preliminary  fluctuation.  The  period  of 
observation  covered  one  and  a  half  hours  and  during  this  time  six 
determinations  were  made  with  an  average  of  5.42,  the  highest  and 
lowest  percentages  being  respectively  5,66  and  5.20.  The  respirations 
in  this  animal  were  quite  irregular  in  depth. 

In  the  last  experiment  three  determinations  in  the  first  half  hour 
fluctuated;  these,  however,  were  followed  by  a  period  of  uniformity 
lasting  two  hours  during  which  six  samples  were  obtained  averaging 
5.49,  with  a  minimum  percentage  of  5.42  and  a  maximum  of  5.56. 

There  was  no  persistent  upward  or  downward  tendency  in  the  per- 
centages of  any  one  experiment.  In  nearly  all  cases  the  last  percentage 
of  the  period  of  uniformity  was  identical  with  the  first  percentage  of  the 
period.  This  is  rather  interesting  in  view  of  the  steady  fall  in  the  body 
temperature.  A  fall  in  body  temperature  seemed  rather  to  occasion  a 
fall  in  the  percentages  of  carbon  dioxid  in  Scott's  (14)  experiments. 

I  am  unable  to  state  definitely  the  cause  of  the  preliminary  fluctua- 
tions sometimes  observed.  It  is  significant  however  that  in  all  those 
experiments  in  which  analyses  were  not  begun  until  12.00  m,  or  later 
this  phenomenon  did  not  appear,  except  in  the  experiment  of  March  7 
in  which  the  breathing  in  the  beginning  was  of  the   periodic  ty|;c 
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Chloretone  was  always  given  between  9.30  and  10,00.  It  is  possible 
that  tho  volatile  nature  of  this  substance  may  have  interfered  with  the 
analysis  of  the  air.' 

The  method  is  clearly  capable  of  a  variety  of  modifications  and  ought 
to  be  useful  in  the  solution  of  a  number  of  problems  bearing  on  the 
physiology  of  the  respiration.  The  percentages  in  the  above  experi- 
ments are  not  absolute  values  and  hence  the  results  of  one  animal  must 
not  be  compared  with  the  results  obtained  in  another  animal.  This 
is  partly  to  be  accounted  for  by  the  fact  that  the  negative  pressures 
were  not  the  same  in  the  different  dogs;  in  some  more  air  was  allowed 
to  remain  in  the  pleural  sacs  than  in  others.  Neverthless  it  is  evident 
that  the  percentages  of  carbon  dioxid  in  samples  obtained  by  this  method 
may  exhibit  uniformity  for  periods  as  long  as  three  and  one-half  hours 
and  that  the  variations  are  no  greater  than  one  obtains  by  the  use  of 
other  methods. 
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As  the  method  which  has  been  made  use  of  by  6urton-Opitz  (1)  in 
determining  the  viscosity  of  different  body-fluids  has  been  described 
in  an  earlier  paper,  it  need  only  be  mentioned  at  this  time  that  the 
experiments  now  under  discussion  purpose  to  ascertain  the  factors 
required  to  calculate  the  coefficient  of  the  viscosity  of  lymph.  The 
apparatuB  is  arranged  in  such  a  way  that  it  is  possible  to  measure  how 
large  a  quantity  of  this  fluid  escapes  through  a  capillary  tube  of  known 
length  and  diameter  in  a  given  period  of  time  and  under  a  certain 
pressure.  The  coefficient  derived  from  these  factors  is  then  compared 
with  the  coefficient  for  distilled  water  at  37°C.  which,  in  accordance 
with  Poiaeuille  (2)  equals  the  value  4700. 

The  present  experiments  were  performed  upon  doga  which  had 
received  a  moderate  amount  of  fatty  meat  about  four  hours  previously. 
Light  ether  narcosis  was  employed.  The  lymph  was  gathered  from 
the  central  orifice  of  the  thoracic  duct.  It  became  necessary  at  times 
to  hasten  its  flow  by  exerting  gentle  pressure  upon  the  abdominal  wall, 
because  as  lymph  clots  very  rapidly,  ita  passage  through  the  viscosim- 
eter  could  not  be  permitted  to  consume  a  longer  time  than  about 
one  minute.  From  2  to  3  cc.  of  lymph  were  used  for  each  determination. 
The  specific  gravity  was  ascertained  with  the  help  of  small  pycnometers 
possessing  a  capacity  of  about  4  cc. 

The  results  of  these  determinations  are  compiled  in  table  1.  It  will 
be  seen  from  this  that  the  viscosity  of  lymph  varies  considerably.  The 
coefficients  here  recorded  lie  between  the  figures  2406  and  3029  and 
present  the  average  value  2682.5.  If  this  coefficient  is  compared  with 
the  coefficient  for  distilled  water  of  37°C.,  it  will  be  found  that  lymph 
possesses  a  viscosity  which  is  1.7  greater  than  that  of  water.  It  must 
be  emphasized,  however,  that  these  determinations  have  been  made 
during  the  absorption  of  fat  and  that,  therefore,  these  values  are  aome- 
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what  above  those  obtainable  with  perfectly  clear  lymph.  The  nearest 
approach  to  the  watery  type  of  lymph  was  yielded  by  dog  5,  this  experi- 
ment having  been  performed  almost  six  hours  after  the  ingestion  of 
food.     The  relatively  high  numerical  value  of  this  coefficient  (3029) 


■XPBBTHIHT        8P 
DUMB IK             O 

^.T/r 

...^ 

nuB 

.BB„.» 

^nan^ 

™.B,»C. 

*;".'" 

mtm. 

•MMi* 

mm.  Ht. 

1    I                   J 

0170 
0170 

1.9613 
1.2692 

72.07 
47.70 

103  2 
08.6 

2661.3 
2702  0 

140.7 

2681.6 

oies 

0168 

1.8990 
1.6494 

74.80 
49.60 

91,5 
118-4 

2800.5 
2835.6 

1  17.5 

2818.0 

0141 
0141 

2.4285 
1.6201 

68.98 
56.10 

138.9 
121  6 

2565-1 

2684.5 

>  119.4 

2624.8 

0140 

2  1238 

59.08 

132  7 

2754.0 

1  43,6 

2732.2 

0140 

1.9332 

58  08 

124,3 

2710.4 

0119 
0119 

2.8210 
2.7177 

64.10 
66.05 

145.4 
139.6 

3069.9 

2989.4 

1  80,5 

3029.6 

> 

0230 

2.2998 

59-50 

149,8 

2588,7 

1  72,3 

2624.8 

0230 

2.4687 

66.20 

140.6 

2661.0 

0194 

2.5081 

64.13 

133  3 

2976,8 

|35,9 

2994.7 

0194 

2.0758 

53  20 

131  4 

3012.7 

0171 
0171 

1.7019 
1.2840 

64.20 
57.16 

110  0 

95-2 

2432.1 
2381,2 

1  50,9 

2*06,6 

0119 

I  8746 

61.93 

127,4 

2410,1 

1  26.1 

2423  1 

0119 

1,4588 

52  63 

115  4 

2436,2 

10 1          j 

0215 
0215 

1.5828 
1.6215 

49.22 
51.60 

130  7 
125,9 

2472,1 
2508.3 

1  36.2 

2490,2 

indicates  that  this  lymph  possesses  a  viscosity  only  1.5  times  greater 
than  that  of  distilled  water  of  37''C. 

In  a  similar  way,  it  may  be  gathered  that  increasing  absorption 
heightens  the  viscous  resistance  of  the  lymph.  Thus,  the  coefficient 
2406  obtained  by  experiment  8  shows  that  this  lymph  is  almost  2.0 
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times  more  viscous  than  distilled  water  of  37°C,  In  this  connection, 
brief  reference  might  be  made  to  the  fact  that  the  viscosity  of  blood 
is  almost  5  times  greater  than  that  of  distilled  water  (3)  while  that  of 
ox  bile  (4)  is  only  1.8  and  that  of  saliva  only  1.4  times  greater  (5). 

The  specific  gravity  follows  a  course  parallel  to  that  of  the  viscosity. 
The  values  recorded  above  vary  between  1.0119  and  1.0230.  The 
average  value  is  1.0165.  The  coa^lation-time  which  was  determined 
by  the  method  of  inversion  of  a  small  test  tube  filled  with  a  small 
quantity  of  fresh  lymph,  varied  between  one  and  seven  minutes.  The 
average  time  was  two  minutes  and  a  half.     It  is  evident,  therefore,  that 
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viscosity  experiments  upon  lymph  necessitate  the  same  precautionary 
measures  as  those  made  upon  the  circulating  blood.  The  time  required 
for  the  completion  of  each  test  should  not  be  longer  than  one  minute. 
Table  2  is  intended  to  illustrate  the  changes  which  the  Ijinph  of  the 
thoracic  duct  undergoes  in  consequence  of  the  stimulation  of  the  greater 
splanchnic  nerve.  The  experiments  with  which  we  are  concerned  at 
this  time,  are  those  designated  in  tabic  1  as  6  and  7.  In  both  cases  the 
left  greater  splanohnic  nerve  was  ased,  shielded  electrodes  having  been 
applied  to  it  through  a  small  opening  in  the  abdominal  wall.  Having 
collected  a  sufficient  quajitity  of  Ij-mph  for  the  determination  of  the  nor- 
mal viscosity  and  specific  gravity,  the  two  subsequent  collections  were 
made  while  the  aforesaid  nerve  was  l>cing  stimulated  with  a  tetanic 
current  of  medium  strength. 
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The  stimulatioDB  resulted  in  each  case  in  reductions  in  the  discbai^ 
of  lympb,  each  reductioD  being  ushered  in  by  a  brief  period  of  increased 
flow.  The  lymph  collected  during  these  periods  presented  a  much 
greater  viscous  resistance  than  the  normal  lymph  and  showed,  moreover, 
a  much  greater  specific  gravity.  Thus,  a  comparison  of  the  coefficients 
of  experiment  6  will  show  that  this  procedure  has  increased  the  vis- 
cosity by  524  points.  In  other  words,  the  normal  relationship  of  1:1.7 
has  been  changed  in  this  case  to  a  relationship  of  1 : 2.2.  This  alteration 
is  also  indicated  by  the  specific  gravity,  because  the  normal  value  of 
1.0230  has  given  way  to  the  value  1.0285.  While,  therefore,  the  stimu- 
lation of  the  splanchnic  nerve  leads  to  a  lessened  production  of  lymph, 
the  lymph  transferred  at  this  time  into  the  duct  is  not  only  more  con- 
centrated but  also  more  viscous. 

Table  3  illustrates  the  changes  in  the  viscosity  of  the  lymph  resulting 
in  consequence  of  the  introduction  into  the  venous  circulation  of  vary- 
ing quantities  of  normal  saline  solution.  The  injections  were  made 
shortly  after  the  completion  of  the  determinations  of  the  normal  vis- 
cosity. From  100  to  300  cc.  of  saline  were  injected  at  a  time  and  about 
fifteen  minutes  were  allowed  to  elapse  before  the  viscodty  was  again 
tested. 

The  results  show  that  lai^  doses  of  normal  saline  solution  tend  to 
lessen  the  viscosity  in  a  slight  measure.  Smaller  doses,  on  the  other 
hand,  may  increase  it,  presumably  on  account  of  the  fact  that  the  more 
favorable  dynamic  conditions  subsequent  to  the  injection  tend  to 
augment  the  absorption  and  the  transfer  of  the  lymph  to  central 
channels.  As  is  illustrated  by  table  4,  a  very  rapid  reduction  of  the 
viscosity  results,  however,  if  the  injections  of  saline  solution  are  pre- 
ceded by  a  moderate  hemorrhage.  Under  this  condition,  very  naturally, 
the  blood  and  lymph  pressures  must  suffer,  allowing  a  more  prompt 
"thiiming"  of  the  latter  to  take  place.  In  the  experiments  here  cited 
200  cc.  of  blood  were  displaced  by  an  equal  quantity  of  saline  solution. 
The  t«st8  were  made  fifteen  minutes  after  the  injection. 
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IL    The  Effect  of  the  Admixistkatio.v  of  ViRiors  Scbstaxces 
ox  THE  Blood  Diastase  of  RABBns 

C.  K.  WAT.VXABE 
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RKcind  for  puSIifation  OrtoVr  13.  1917 

Id  IS46  Magendie  I  demtHifiratMl  the  exi:?t«i<¥  of  5t:in:b-^!itting 
c^mTnes  En  drawn  blood  and  sought  to  detuoa^tnte  their  exi?tence 
in  the  li^'ing  btood  by  the  injertifm  of  boiled  starch.  CUude  Bernard. 
Schiff.  Tiegel.  Pary.  Tieffeobach,  Bohm  umI  Hoffman  found  fu^ar 
in  the  uiine  after  the  intraTcnous  injectioa  of  starch  or  glx^rogen. 
Bial  2  was  one  of  the  first  innsitgators  who  studied  the  question  of 
blood  and  hTopA  diastase  with  improved  methods  but  RC'hman  3 
is  credited  with  having  first  proved  the  esi^ienre  of  diastase  in  the 
lining  body.  He  injected  g]>-coeai  into  a  l\-iuph  vessel  <rf  the  do^'s 
leg  and  found  an  excess  of  sugar  in  the  l>THph  drawn  from  a  thoracic 
duct  fistula.  Fischer  and  Niebel  ■4'  proved  coni'lusi\Tly  the  presence 
<rf  diastatic  enxyroes  in  blood  and  h'mph. 

Claude  Bernard  \5*  di^co^^ered  that  a  pKmcture  of  the  Sixir  of  the 
fourth  \"entricle  was  foIloK~e«t  by  a  tr^msitorj'  form  of  diaN>tes^  Later 
Caii~auani  ^6)  found  that  stimuUtioo  of  tht>  coeliac  pkwus  caused  ao 
increased  sugar  production  in  the  li\-er  and  Lewue  1.7*  ot>tained  the 
same  results  by  stimulation  of  the  \Tipis,  Carls»,«i  and  Luokh.trvlt  Si 
concluded  that  if  the  li\-er  was  the  cliiof  si^iin-e  i^  bUxxi  and  l>~m):^ 
diastase,  the  increast-ii  glyi\>Iytic  activity  of  tht-  liwr  cause-.!  by  nerrvus 
stimulation  might  inN-olw  an  iucr<'as<il  witfHit  of  the  li\~er  diastase 
into  the  blood  and  lymjih.     They  found  this  to  Iv  the  v-ajv. 

In  cases  of  definite  an.ttimtical  le^itwis  the  dMstalic  activity  increased 
in  both  serum  and  urine.  SchU'singi^r  0'*  vil*^'r\'^\l  an  imrt'*;e  of 
blood  diastase  after  ligaliiig  the  duct  of  Wirsung,  flon-  and  l.tvper 
(10)  also  foiuid  an  incrivi.-^'  iu  IiKkkI  diast.ss*'  after  Iisatu'.j:  the  pan- 
creatic duct  in  rabbits.  (KUtld  and  t'arUm  i,ll'.  *vrkmg  with  dv>gs, 
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reported  that  the  ligation  of  the  pancreatic  duct«  U  followed  by  a  great 
increase  in  the  diastatic  power  of  the  serum  within  twenty-four  hours 
and  assumed  this  to  be  due  to  absorbed  amylopsin.  King  (12)  states 
that  there  is  an  increased  diastatic  activity  in  both  serum  and  urine 
after  ligation  of  the  pancreatic  ducts.  Wohlgemuth  and  Koguchi 
(13)  have  reported  that  in  cases  of  abdominal  trauma  where  the  pan- 
creas was  injured,  there  is  a  quantitative  increase  of  amylase  in  the 
urine;  this  was  confirmed  by  King  (12). 

Bainbridge  and  Beddard  (14)  and  Carlson  and  Luckhardt  (8) 
recorded  that  the  removal  of  the  pancreas  from  cats  did  not  greatly 
affect  the  concentration  of  blood  diastase.  Schlesinger  (9)  reports, 
on  the  other  hand,  that  pancreatectomy  leads  to  complete  disappear- 
ance of  amylase  from  the  blood.  Otten  and  Galloway  (15)  found  after 
complete  removal  of  the  pancreas  in  dogs  that  the  blood  diastase 
sinks  rapidly,  then  rises  somewhat,  remaining  at  a  constant  level  but 
never  returning  to  its  normal  height.  King  (12)  also  claims  a  reduction 
but  not  a  complete  disappearance.  Later  Milne  and  Peters  (16) 
obtained  a  decided  increase  of  blood  diastase  after  ccunplete  pancrea- 
tectomy. 

Van  de  Erve  (17)  found  that  the  removal  of  the  kidney  has  no  appre- 
ciable effect  on  the  diastase  in  serum.  , 
■  King  (12)  repoi:t«d  that  after  profound  depression,  for  example,  in 
parathyroid  tetany,  there  is  a  high  uniform  content  of  amylase  in  the 
urine. 

Many  investigators  have  found  that  in  some  types  of  experimental 
hyperglycemia  and  glycosuria  there  is  an  increase  of  diastase  at  the 
same  time  in  the  blood  and  the  urine. 

In  cases  of  human  diabetes,  Loewi,  Moeckel  and  Rost,  and  more 
recently  Myers  and  Killian  (18)  have  reported  an  increased  diastase 
in  the  blood.  In  the  impairment  of  renal  function,  Loeper,  Ficai, 
Hirata,  Stocks,  Myers  and  KilUan  have  found  an  increase  of  diastatic 
activity  in  the  blood  and  a  decrease  in  the  urine.  In  nephritis,  Wohl- 
gemuth, Corbett  and  King  noted  a  decrease  in  the  amylase  content  as 
compared  with  that  of  normal  urine. 

The  experiments  detailed  in  the  present  paper  were  undertaken  to 
determine  the  influence  of  the  administration  of  certain  drugs  and 
human  saliva  on  the  diastatic  activity  in  the  blood  and  urine. 
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A  roughly  quantitative  method  for  the  estimatioa  of  diastase  was 
devised  by  Wohlgemuth  in  1908  (19).  He  based  his  method'  on  the 
hydrolysis  of  starch  into  erythro-dextrin  by  amylase.  Recently 
Myers  and  Killian  (20)  have  suggested  a  more  accurate  method  for 
the  determination  of  the  diastatic  activity  in  blood  and  urine,  based 
upon  the  hydrolysis  of  starch  to  glucose.  This  method  was  employed 
in  the  present  investigations.  Since  the  diastatic  activity  of  rabbit 
blood  is  more  than  double  that  of  human  blood,  one  cc.  of  blood  was 
employed  for  the  test  instead  of  the  2  cc.  used  by  Mj^rs  and  KilUan 
for  human  blood.  The  calculations  are  for  the  one  cc.  For  the  deter- 
mination of  sugar  in  the  blood  and  urine,  the  Myers  and  Bailey  (21) 
modification  of  the  Lewifi-Benedict  method  was  used.  While  this 
method  does  not  admit  of  the  accurate  determination  of  the  absolute 
amount  of  sugar  in  the  urine,  comparative  results  are  very  easily  ob- 
tained and  it  is  with  these  that  we  have  to  do  in  this  investigation. 

In  all  the  following  tables  the  percentage  of  blood  sugar  is  higher  than 
in  normal  rabbits,  this  being  probably  due  to  the  feeding  of  bread, 
milk  and  barley  before  the  experiments.  The  rabbits  used  in  these 
experiments  w^re  injected  with  several  types  of  drugs  at  different 
periods  but  no  single  dn^  was  used  twice  on  tl^e  same  rabbit.  A. 
sufficient  period  of  time  was  allowed  to  elapse  after  the  first  injection 
to  permit  all  effects  of  the  drug  to  pass  away  before  a  second  injection. 
The  rabbits  used  were  all  full  grown.'  The  blood  drawn  from  the  ear 
vein  was  treated  with  potassium  oxalate. 

Ititravenous  injection  of  human  saliva.  The  technic  of  the  colUclion 
of  saliva.  To  collect  saliva,  the  mouth  was  washed  several  times  with 
distilled  water  and  the  saliva  was  then  collected  in  sterilized  centrifuge 
tubes.  The  flow  of  saliva  was  stimulated  by  chewing  paraffin.  By 
centrifuging  the  saUva  in  an  electric  centrifuge  at  (uU  speed  for  over 
one-half  hour,  most  of  the  bacteria  and  solid  material  were  removed  and 
the  supernatant  fluid  was  then  used  for  injection  into  the  ear  vein. 

King  (12)  injected  saliva  intravenously  into  dogs  and  stated  that 
more  than  2.5  cc.  of  human  saUva  per  kilo  body  weight  produced 
signs  of  collapse  resembling  an  anaphylactic  shock.  In  our  experi- 
ments we  found  that  rabbits  tolerated  more  than  double  the  dose 
given  by  King. 

Two  rabbits  weighing  1750  grams  and  1900  grams,  respectively, 
were  each  injected  with  5  cc.  saliva  and  showed  no  symptoms  whatso- 
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ever.  A  second  injection  of  10  cc.  of  saliva  was  made  and  rabbit  2 
died  with  symptoms  of  aeptdceinia.  Rabbit  I  showed  no  symptoma 
and  was  again  injected  with  10  cc.  saliva,  but  without  deleterious 
eETect. 

In  tabic  1  we  see  that  after  the  injection  of  5  cc.  saliva  there  is  an 
increased  diastatic  activity  in  the  blood,  which  ceases  after  forty-eight 
hours.    This  fact  is  in  harmony  with  King's  experiments.     When  10 

TABLE  1 
The  sugar  and  the  diailatie  aetivtij/  of  the  blood  after  injection  of  haman  ttUiva 


^ 

.,TI 

—..2 

THU 

|S 

AiiiDUDta(i.liv> 

DmU 

|l 

t 

Amount  oIiiliTa 
ini«t«l 

p. 

iBte 

me 

Onl 

12/20 

0.16 

12/20 

0,13 

12/21 

0.13 

25 

Sec.  at  11,20  a,m. 

12/21 

0,13 

31 

5cc.  at  11.30  a.m. 

12/22 

015 

33 

12/22 

0,12 

3« 

12/23 

on 

20 

12/23 

0.10 

20 

12/24 

0.15 

24 

12/24 

0  14 

26 

12/25 

0.15 

29 

lOcc,  at  12,00  m. 

12/25 

0  12 

29 

10  cc.  at  12.00  m. 

12/26 

0  15 

47 

12/26 

0-15 

45 

12/27 

0,15 

34 

12/27 

0-12 

40 

12/28 

0.18 

32 

12/28 

0.10 

36 

12/20 

0-14 

36 

12/29 

33 

12/30 

0,18 

30 

12/31 

0-19 

35 

1/1/1917 

0,18 

34 

10  cc.  at  2,30  p,m. 

1/2 

0  16 

54 

1/3 

0  16 

30 

1/4 

0,16 

34 

CC.  saliva  are  injected,  the  increased  diastatic  activity  does  not  stop 
after  forty-eight  hours  but  continues  for  several  days. 

f'areTUerat  administration  of  soluble  starch.  King  (12)  gave  100  cc.  of 
2  per  cent  starch  solution  daily  to  a  cat  and  300  cc.  to  a  dog  by  stomach 
tube  and  stated  that  there  was  no  appreciable  change  in  the  amylolytic 
activity  of  the  urine  in  these  animab.  However,  after  an  intravenous 
injection  of  starch  into  two  dogs,  he  obtained  an  increase  of  amylase 
in  the  urine,  w  hich  reached  its  maximum  on  the  second  day  after  the 
injection  and  lasted  about  four  day»L 
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We  administered  soluble  starch  solution  several  times  intraperi- 
toneally  to  two  rabbits,  with  a  lapse  of  some  days  between  each  admin- 
istration. Blood  was  drawn  daily  at  9.00  a.m.  and  urine  coUected 
from  9.00  a.m.  to  9.00  a.m.  the  following  day,  toluene  being  used  as  a 
preservative.     The  amylolytic  activity  of  the  blood  increased  on  the 


The 

lugar  and  Ihe  diattalic  activity  of  the  blood  after  the  it»ection  of  ilareh 

sotution 

BABBIT  3 

k..b:t4 

DiU 

Jl 

It 

Amount  of  sUrehiniMUid 
inloperitoDHlcaviEi' 

D>U 

|| 

■1 

Amount  at  itunh  injecited 
inloperihRiMlnvity 

a 

a 

& 

Tf 

19IT 

ttnt 

mr 

1/8 

o.ie 

32 

1  grcLtn  Btarch  in  50  cc. 

1/8 

0,14 

32 

1  gram  starch  in  50  cc. 

1/9 

0.14 

36 

H,0  at  2.30  p.m. 

1/9 

0,15 

31 

H,0  at  2.30  p.m. 

1/10 

0  17 

24 

1/10 

0,22 

25 

i/n 

0,13 

35 

1/11 

0.13 

37 

1/12 

0,14 

32 

1/12 

0.13 

37 

1/13 

0.14 

32 

0.5  gmm  starch  in  25  cc. 

1/13 

0  13 

35 

0.5  gram  starch  in  26  cc. 

1/14 

0  14 

36 

H,0  at  2.30  p.m. 

1/13 

0  16 

40 

H,0  at  2.30  p.m. 

1/15 

0.15 

35 

1/15 

0,15 

37 

1/16 

0.15 

39 

1/16 

0,14 

3& 

1/17 

0,14 

32 

3  grama  starch  in  100 

1/17 

0  14 

32 

3  grams  starch  in  100 

1/18 

0  13 

35 

cc.  HiOat3p.m. 

1/18 

0.14 

32 

cc,  H,0at3p.m. 

1/19 

0.14 

36 

1/19 

0.14 

32 

1/20 

0.13 

33 

1/20 

0.14 

38 

1/21 

0.12 

34 

1/21 

0  13 

3d 

1/22 

0  14 

36 

7  grama  sUrch  in  150 

1/22 

0  15 

39 

7  gramB  starch  in  150 

1/23 

0.12 

36 

cc.  H,0  at  3.30  p.m. 

1/23 

0.19 

33 

cc.  H,0  at  3.30  p.m. 

1/24 

0,12 

37 

1/24 

0  11 

39 

1/25 

0.13 

35 

1/25 

0  13 

39 

1/26 

0,16 

40 

1/26 

0  18 

42 

1/27 

0,14 

3S 

1/27 

0.14 

42 

1/28 

0,12 

38 

1/28 

0.16 

48 

1/29 

0,13 

37 

1/29 

0.13 

41 

day  following  the  injection  of  starch  with  the  exception  of  the  first 
injection  of  rabbit  4.  The  dose  in  this  case,  however,  was  small.  In 
the  last  two  injections  large  doses  were  given  and  we  found  that  the 
activity  of  amylase  failed  to  increase  and  in  some  cases  decreased. 
However,  in  cases  where  large  doses  were  given  the  amylolytic  activity 
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was  elevated  on  successive  days,  especially  in  rabbit  4.  The  variation 
Id  the  amount  of  diastase  .in  aonnal  rabbits  is  very  large  from  day  to 
day.  It  can  be  said  with  certainty,  however,  that  the  amylase  content 
of  the  blood  increases  quantitatively  after  the  injection  of  starch  and 
also  that  the  diastase  is  used  to  a  greater  extent  than  usual  after  the 
injection  of  large  doses  of  starch.  This  explains  the  fact  that  following 
large  doses  of  starch,  there  is  no  immediate  increase  of  blood  diastase. 
The  urine  was  collected  only  after  large  doses  of  starch  and  the  results 


Tke  >u{rar  and  the  dia»latic  activily  of  the  blood  before  and  afUr  odmimttTotion  of 
NaHCO, 


U»IT  11 

Data 

1^ 

|t 

Dale 

1^ 

Rnurk* 

p* 

p. 

1917 

ml 

mr 

KlU 

2/27 

0.10 

32 

Blood  usually  taken  at 

2/27 

0  09 

31 

Blood  usually 'taken  at 

2/28 

0.12 

30 

9  a.m. 

2/27 

0  09 

29. 

9  a.m. 

3/1 

0.14 

37 

5  grams  NaHCO,  Id  25 

3/1 

0  12 

32 

5  grams  NaHCO,  in  25 

3/2 

0.12 

36 

cc.  H.O  at    10    a.m. 

3/2 

0.13 

48 

cc,  H,0  at  10.30  a.m. 

3/3 

0,17 

35 

Blood  taken  at  2  p.m. 

Blood  taken  at  2.30 

3/4 

0.21 

35 

p.m. 

3/5 

0.13 

31 

3/6 

o.r4 

34 

10  grams  NaHCO.  in  60 

3/7 

021 

32 

M.  H,0  at  3.30  p.m. 

3/8 

o.ia 

34 

Blood  taken  at  1  p.m. 

3/9 

o.n 

36 

3/10 

OH 

32 

3/11 

o.ie 

29 

3,12 

0  15 

25 

were  identical  with  King's  findings.  It  is  certain  that  an  increased 
diastase  in  the  blood  is  followed  by  an  increased  elimination  in  the 
urine. 

The  effect  of  NaHCOt  adminisUred  parenterally  upon  the  blood  and 
urine  diaataae.  For  this  experiment  two  rabbits  were  each  injected 
intravenously  with  5  grams  NaHCO«  dissolved  in  25  cc.  HiO.  Both 
the  blood  sugar  and  amylase  rather  increased.  After  an  interval  of 
five  days,  one  of  the  rabbits  was  again  injected  intravenously  with  10 
grams  NaHCOi  dissolved  in  50  cc.  HtO  and  it  was  noted  that  the  blood 
sugar  and  amylase  increased  more  than  usual. 
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King  pointed  out  that  after  he  fed  a  cat  with  5  grams  NaHCOa,  the 
urine  was  approximately  neutral  and  the  diastase  content  of  the  urine 
was  decreased.  In  our  case  after  the  injection  of  5  grams  NaHCOi, 
there  was  a  marked  decrease  of  diastase  in  urine  which  lasted  two  days; 
when  10  grams  KaHCOi  were  injected,  this  marked  decrease  lasted 
for  three  days.  This  decreased  activity  of  diastase  may  be  due  to  the 
alkaline  urine  since  the  blood  diastase  remained  high  during  this  period. 

Two  rabbits  were  injected  intraperitoneally  with  10  grams  and  6 
grams  NaHCOj  dissolved  in  50  cc.  HjO,  respectively.  Blood  was 
drawn  four  times  from  these  rabbits,  an  hour  after  the  injection  and  at 
hoiu-ly  intervals  thereafter.     The  blood  sugar  and  diastase  increased 

TABLE  4 
The  blood  sugar  and  Ike  diastolic  aclivily  of  the  blood  in  normal  rcAbili 


««c«^«.o,«. 

»-.oo 

* 

DIABTATIC  tP 

..irro 

TBI  BLOOD 

H^B„™. 

8.6i 

10»-m, 

ll»,m. 

12  m, 

,p... 

a,w 

10  .,01, 

II  ..m. 

Urn. 

Ip-m. 

3Z 

0,14 

0,14 

0,14 

0  13 

0,14 

35 

35 

34 

35 

35 

39 

0  15 

0.14 

0  Ifl 

0  15 

0  15 

2.1 

24 

23 

21 

23 

40 

0,16 

0  15 

016 

0  16 

0  16 

33 

32 

31 

31 

30 

41- 

0,17 

0.16 

0.14 

0.15 

0,17 

23 

23 

22 

22 

21 

Average 

0.15 

0.15 

0,15 

0  IS 

0.16 

28 

28 

27 

27 

27 

after  each  successive  bleeding.  Both  rabbits  died  on  the  day  of  the 
experiment. 

The  normal  variation  of  the  sugar  and  the  diastase  of  the  blood  during  suc- 
cessive hours.  The  above  group  of  rabbits  was  used  as  an  aid  in  com- 
paring the  various  types  of  investigations.  As  Table  4  shows  the 
individual  variation  in  blood  sugar  and  diastase  within  four  to  five 
hours  is  very  slight,  although  there  is  a  wide  variation  between  the 
blood  sugar  and  diastase  in  different  rabbits.  Blood  was  drawn  before 
and  after  the  administration  of  the  drug  and  the  results  compared. 

Tke  effect  of  the  intraperiioneal  administration  of  NajCOj  sotutimi  on 
the  Mood  diastase.  Underbill  (22)  has  shown  that  in  normal  rabbits 
the  intravenous  injection  of  NaiCO,  solution  causes  a  hypoglycemia 
lasting  for  one  or  one  and  one-half  hour.  Underbill  and  McDanell 
(23)  repeated  the  same  experiments,  but  failed  to  obtain  the  above 
results.  However,  they  (24)  confirm  the  statement  of  Underbill  that 
the  hyperglycemia  and  glycosuria  provoked  by  epinephrin  are  both 
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HgniScantly  decreased,  if  NaiCOi  is  administered  at  a  suitable  period 
of  time  previous  to  the  epinephrin  introduction.  We  injected  Na»COi 
into  the  abdominal  cavity  and  found  no  appreciable  change  in  the  sugar 
and  diastase  content  of  the  blood. 


The  augar  and  Iht  diaalalie  aclittilii  of  lAe  blood  be/ort  and  after 
NotCOt  tolution 


The  effect  of  HCI  solulimi  by  mouth  on  the  blood  diastase.  Acid 
introduction  or  acid  production  in  the  body  exerts  a  distinct  influence 
on  carbohydrate  metabohsm. 

Ehas  (25)  states  that  introduction  of  acids  into  dogs  and  rabbits 
leads  to  hyperglycemia  and  glycosuria.  In  this  investigation  we  only 
followed  the  changes  in  the  blood  for  four  hours  after  the  ingestion  of 
acid,  and  this  may  not  be  long  enough  to  show  the  influence  of  this 
drug.     In  some  cases  a  rise  in  the  blood  sugar  was  noted  one  hour  after 


The  tu^ar  and  the  diattalic  acUvily  of  the  blood  btfori 
HCI  tolution  by  mouiA 


and  after  adminiitralion  of 
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ingestion  of  HCl,  but  the  results  were  not  uniform.  We  do  not  con- 
sider this  rise  aa  being  due  to  the  influence  of  the  acid.  The  HCl  has 
no  noteworthy  effect  on  the  diastase  content  of  the  blood,  with  the 
exception  of  rabbit  43  which  shows  a  slight  rise  in  diastase. 

The  effect  of  the  injection  of  epimpkrin  upon  blood  diastase.  Blum 
(26)  in  1901  discovered  that  adrenal  extract  injected  subcutaneously 
gives  rise  to  glycosuria.  Early  in  1902  the  discovery  was  made  by 
Herter  and  Richards  (27)  that  the  injection  of  a  solution  of  adrenalin 
chloride  into  the  peritoneal  cavity  of  dogs  was  followed  by  an  intense 
though  transient  experimental  glycosuria.  Herter  and  Wakeman 
(28)  also  reported  experimental  glycosuria  by  epinephrin  injection. 
Metzger  (29)  proved  definitely  that  the  glycosuria  resulted  from 
hyperglycemia. 

TABLE  T 

Tke  lugar  and  the  diaetatic  activity  of  the  blood  before  and  after  injection  of  adrenalin 


""•r^^u^inir" 

naCBNTAOl  or  BLOOD 

"-""'^^Z""'"' 

1 

s 

6 

s 

2 

a 

._ 

i 

a 

2 

e 

a 
s 

i 

d 

20 
50 
21 
34 

0.5  cc.  per  kilo 
0.5  cc.  per  kilo 
0.5  cc.  per  kilo 
0.4  cc.  to  1350  grama  rabbit 

0-16 
0,15 
0  17 
0.17 

0,55 
0.43 
0.51 
0  24 

0.71 
0.52 
0.64 
0.22 

0.47 
0.58 
0.20 

0.56 
0.38 
0  62 
0  18 

37 
27 
29 
20 

41 
31 
31 
21 

35 
30 
32 
18 

29 
2S 
20 

37 
30 
28 
20 

Vosburgh  and  Richards  (30)  have  made  a  somewhat  detailed  study 
of  the  sugar  in  the  blood  after  the  intravenous  injection  of  adrenalin  as 
well  as  aft^r  application  df  that  substance  to  the  pancreas.  They  noted 
that  the  glycosuria  provoked  by  epinephrin  was  due  to  an  increase  of 
Bugar  in  the  blood.  Later  many  investigators  proved  that  the  increased 
sugar  came  from  the  Kver  glycogen. . 

Starkenstein  (31)  found  no  appreciable  difference  in  the  diastase 
content  after  using  adrenalin  piqQre  and  various  other  procedures. 
Allen  (32)  stated  that  adrenalin,  phlorizin,  phloretin  and  asphyxia 
have  no  effect  on  blood  diastase. 

In  our  investigation  marked  hyperglycemia  and  glycosuria  appeared, 
but  the  diastase  content  of  the  blood  was  not  affected. 

Besides  the  above  experiments,  two  rabbits  were  injected  repeatedly 
with  0.5  cc.  to  1.0  cc,  epinephrin  during  a  period  of  from  ten  to  eighteen 
hours.    There  was  no  effect  on  the  diastase  content  but  there  appeared 
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a  decrease  in  blood  sugar  after  successive  injectioas.  The  diastase 
content  and  blood  sugar  increased  markedly  before  death  in  a  rabbit 
injected  with  1  cc.  epinephrin. 

The  effect  of  ether  anesthesia  on  the  concentration  of  blood  diastase. 
Hawk  (33)  and  Seeling  (34)  noted  that  glycosuria  appeared  after 
ether  anesthesia;  other  anesthetics  also  possess  the  power  to  induce 
hyperglycemia,  and  at  the  same  time  glycosuria.  Carlson  and  Luck- 
hardt  (8)  found  a  decreased  diastatic  activity  during  ether  anesthesia. 
Blood  was  drawn  during  anesthesia  which  varied  from  twenty  minutes 
to  two  hours.  Bloods  taken  before  and  after  anesthesia  were  compared 
and  the  serum  drawn,  during  anesthesia  had  a  lesser  diastatic  activity 
than  the  normal  serum,  but  this  variation  is  not  much  greater  than  is 
exhibited  in  normal  animals.    They  attribute  this  phenomenon  to 

TABLES 
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the  inhibitory  action  of  the  anesthetic  on  the  enzj-me  since"  there  is  an 
increased  diastase  production  during  anesthesia.  In  similar  experi- 
ments Ross  and  McGuigan  (35)  obtained  negative  results.  Carlson 
and  Ryan  (36)  reported  that  during  anesthesia  cat's  saliva  contains 
more  diastase  than  usual,  this,  being  due  to  increased  concentration  of 
the  blood  diastase.  Carlson  and  Luckhardt  determined  the  amount 
of  diastase  (1)  by  the  rate  of  clearing,  and  (2)  by  the  rate  of  the 
complete  disappearance  of  erythrodextrin  in  starch  solution. 

Four  rabbits  were  anesthetized  for  exactly  one  hour  in  our  experi- 
ments, and  the  activity  of  the  blood  diastase  was  compared  just  before 
and  after  and  also  one  hour  following  the  anesthesia. 

All  rabbits  showed  hyperglycemia  just  after  anesthesia.  The  dias- 
tase was  increased  slightly  but  not  markedly  on  the  average,  and  this 
increase  cannot  be  considered  due  to  the  influence  of  ether.  The  blood 
drawn  one  hour  after  anesthesia  showed  a  slight  decrease  in  diastase 
content. 
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The  effect  of  the  administration  of  pUuilrin  on  blood  diastase.  Pituitrin 
has  no  importaot  influence  on  carbohydrate  metabolism.  In  this 
experiment  tablets  were  administrated  by  mouth  in  two  cases  and 
pituitrin  (Parke-Davis)  was  injected  subcutaneously  in  two  other  cases. 
There  was  no  change  in  the  blood  diastase,  but  the  blood  sugar  increased, 
especially  in  experiment  24.     This  phenomenon  may  be  explained  by 
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The  etyar  and  the  diaalalic  activity  of  the  blood  before   and  after  feeding  thyroid 
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the  fact  that  there  is  a  concentration  of  the  blood,  the  rabbits  excreting 
large  volumes  of  urine  after  the  administration  of  pituitrin. 

The  effect  of  ingestion  of  thyroid  tablets  upon  the  blood  diastase.  Flcsch 
(37)  found  that  thyroid  feeding  and  transplant^ation  of  the  thyroid 
gland  caused  alimentary  hyperglycemia.  Cramer  and  Krause  (38) 
ref»orted  that  the  glycogen  content  of  the  liver  was  decreased  to  a 
minimum  after  thyroid  feeding  in  rabbits  and  rats.     In  dogs  the  toler- 
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ance  for  glucose  was  distinctly  lowered,  and  they  concluded  that  thyroid 
feeding  inhibited  the  formation  and  storage  of  glycogen  in  the  Uver. 
Gartner  and  McCall  (3d)  noted  that  the  thyroid  hormone  stimulated 
the  oxidation  of  glycogen  and  this  explains  the  increased  oxidation  of 
carbohydrates.  Recently,  Kuriyama  (40)  stated  that  experimental 
hyperthyroidism  induced  by  thjToid  feeding  produced  neither  a  change 
in  the  blood  sugar  nor  spontaneous  glycosuria  in  rabbits  or  rats. 

In  this  investigation  tablets  were  given  by  mouth  and  results  were 
followed  during  the  fii«t  four  hours  after  administration.  This  length 
of  times  does  not  seem  sufficient  to  affect  the  body  metabolism.  How- 
ever, if  there  were  any  chanfces  in  the  blood  diastase,  it  would  at  least 
occur  in  the  last  specimens  drawn,  but  no  changes  appeared  in  blood 
sugar  or  diastase. 

SUMMARY   AND   CONCLUSIONS 

1.  The  intravenous  injection  of  human  saliva  in  rabbits  causes  an 
increase  in  the  amylolytic  activity  of  the  blood,    i 

2.  The  parenteral  administration  of  soluble  starch  increases  slightly 
the  diastase  of  the  blood  and  causes  an  elimination  of  amylase  in  urine 
a  few  days  after  the  injection.  Injection  of  large  doses  does  not  pro- 
duce a  sudden  change  in  the  blood  but  causes  a  successive  increase  over 
a  period  of  several  days. 

3.  The  intravenous  iitjection  of  NaHCOj  (5  or  10  grams)  shows  a 
slight  increase  in  blood  diastase  and  sugar.  When  the  above  dose  waa 
injected  intrapcritoneally,  a  marked  hyperglycemia  and  an  increase  of 
diastase  occurred.  The  injection  of  the  above  dose  into  the  peritoneal 
cavity  caused  the  death  of  the  rabbits. 

4.  The  injection  of  smaller  doses  of  NaiCOi  intraperitoneally  had 
no  effect  on  the  blood  diastase  or  sugar. 

5.  No  marked  changes  in  the  blood  diastase  and  sugar  appeared 
within  four  hours  after  the  ingestion  of  HCl. 

6.  The  subcutaneous  injection  of  epinephrin  causes  hyperglycemia 
and  glycosuria  but  produces  no  appreciable  change  in  the  blood  dia^ta.'se. 
Intravenou.'i  injection  causes  hyperglycemia  and  at  the  same  time  an 
increased  amylase  in  a  fatal  case. 

7.  F.ther  ane!*thesia  is  followed  by  hyperglycemia  but  the  diastase 
remains  practically  constant  except  for  a  sUght  tendency  to  increase 
immediately  after  the  anesthesia. 

8.  Pituitrin  injection  or  ingestion  has  no  effect  on  the  blood  dia.-itjuse 
or  sugar.     The  incrcafied  sugar  content  observed  was  probably  due  to  a 
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concentration  of  blood,  caused  by  an  excessive  excretion  of  urine  after 
the  administration  of  the  pituitrln. 

9.  Thyroid  feeding  has  no  appreciable  effect  on  the  sugar  and  diaetaee 
content  of  the  blood  within  four  hours  aft«r  feeding. 

The  author  acknowledges  his  indebtedness  to  Prof.  V.  C  Myers  for 
his  suggestions  eoQcerning  this  worlc. 
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With  all  the  work  published  on  the  activity  of  skeletal  muscle  and 
the  very  frequent  use  of  the  terms  threshold  and  minimal,  there  has 
been  little  if  any  investigation  to  determine  directly  the  character  of 
the  true  minimal  contraction.  14iis  is  doubtless  owing  to  several 
reasons.  In  the  first  place,  muscle  has  been  worked  upon  as  a  con- 
tinuous system,  responsive  in  imperceptible  degrees  of  difference  to 
continuously  varying  strength  of  stimulus.  The  absolute  minimal 
has  been  an  ideal,  infinitesimal  in  value  and  hence  indeterminable 
by  observation.  In  the  second  place,  an  arbitrary  standard — the 
least  perceptible  contraction — has  been  set  up,  and  found  adequate 
in  practice  for  determinations  of  threshold.  In  the  light  of  the  all-or- 
none  principle,  however,  the  way  is  open  for  more  definite  analysis 
which,  in  its  turn,  will  further  test  the  validity  of  that  principle.  More- 
over, since  the  motor  nerve  fiber  is  known  to  actuate  a  multiple  con- 
tractile system,  the  true  minimal  is  to  be  sought  not  by  indirect  but 
by  direct  excitation  of  the  imit  components  of  the  system.  In  order, 
therefore,  to  generalize  concerning  fundamental  muscle  activity  it  is 
not  sufficient  to  accept  conclusions  drawn  from  the  behavior  of  the 
muscle  as  a  whole.  A  clear  dynamic  conception  must  be  brought  one 
step  nearer  by  the  study  of  the  single  element.  Such  a  study  has  been 
made  possible  by  the  development  in  this  laboratory  of  the  capillary 
pore  electrode,  through  the  use  of  which  the  results  here  presented  have 
been  secured. 

It  seems  probable  that  the  smallest  muscular  unit  capable  of  indi- 
vidual activity  is  the  fiber.  That  this  activity  is,  under  varying 
strength  of  stimulus,  fixed,  is  further  to  be  regarded  as  probable 
(1),  (2).  In  the  directly  excited  muscle,  therefore,  it  should  be  possible 
by  sufficiently  local  stimulation  to  reveal  a  response  of  definite,  irre- 
ducible value.  Such  a  response  should  prove  to  be  that  of  a  single 
fiber. 
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In  the  course  of  many  experiments  in  this  laboratory,  utilizing  the 
above-mentioued  apparatus,  a  small  group  of  muscle  fibers  (often 
apparently  a  single  fiber)  was  observed  to  glide  independently  among 
its  neighbors,  drawing  upon  the  latter  as  passive  structures.  Again, 
quite  frequently,  a  straight  capillary  running  across  the  fibers  would  be 
drawn  to  a  marked  angle  by  the  action  of  the  fiber  or  fibers  beneath. 
Such  observations  have  led  to  the  definite  attempt,  reported  in  this 
paper,  to  identify  the  minimal  contraction  with  the  functionally  iso- 
lated fiber.  It  has  recently  been  shown  by  Pratfr  (2)  that  the  gradients 
of  varying  activity  characteristic  of  skeletal  muscle,  including  those  of 
fatigue  and  staircase,  may  exhibit  in  common  an  all-or-none  or  "quan- 
tal"  constitution.  The  work  here  set  forth  is  designed  to  bring  further 
light  to  bear  upon  the  basic  unit  concerned  in  such  efTects,  revealing 
it  to  direct  observation. 

UETHOD8 

The  apparatus  for  the  direct  stimulation  of  the  muscle  fiber  is,  with 
slight  change  in  form  but  not  in  principle,  that  described  by  Pratt 
(3).  The  modification  has  been  essentially  for  the  purpose  of  permitting 
observation  of  the  contracting  element  up  to  within  two  or  three 
millimeters  of  the  point  of  stimulation,  and  is  shown  in  figure  1,  with 
the  omission  of  details  of  support,  etc.  It  will  be  noted  that  the  physio- 
logical solution  covering  the  preparation  is  made  to  serve  as  the  indif- 
ferent pole.  The  muscle  used  is  the  sartorius  of  a  surviving  preparation 
— a  pithed  leopard  frog  (R.  pipiens)  of  medium  size,  uncurarized,  with 
circulation  intact.  The  muscle  is  exposed  by  cutting  and  laying  back 
the  skin  on  the  ventral  surface  of  the  thigh.  Both  sides  are  prepared 
at  the  same  time  for  convenience  in  exposing  the  entire  length  of  both 
sartorius  muscles.  With  the  frog  placed  on  its  back  and  the  solution 
just  covering  the  bared  tissues,  a  low^power  objective  can  easily  be 
brought  to  focus  upon  any  portion  of  the  muscle.  In  such  a  preparation 
the  capillary  circulation  is  readily  observed  throughout  an  experiment, 
frequently  as  long  as  six  to  eight  hours.  It  is  often  at  first  very  rapid, 
while  later  it  may  diminish  considerably;  the  individual  corpuscles 
may  then  be  easily  distinguished  even  with  the  direct  illumination 
necessarily  used.  The  illuminating  system  consists  of  two  parts;  one 
of  moderate  intensity  for  direct  visual  observation,  and  the  other  a 
very  intense  white  spot-hght  produced  by  focussing  the  rays  from  a 
twelve  candle-power  tungsten  bulb  through  a  two-thirds  microscopic 
objective — a  method  similar  to  that  devised  by  Patten  (4)  for  locaUzed 
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stimulation  by  light.  This,  or  a  similar  white  light  directly  applied, 
hae  been  used  for  most  of  the  photographic  records.  These  are  secm^ 
by  drawing  a  photographic  plate  over  a  suitable  shutter  arrangement 
placed  over  the  ocular  of  the  microscope,  which  retains  its  usual  system 
of  lenses.  The  moving  mechanism  confiists  of  a  plate-holder  gliding 
very  smoothly  over  glass  slides  and  drawn  by  the  spindle  of  a  kymo- 
graph. This  arrangement  permits  of  any  rate  of  movement  or  fre- 
quency of  exposure  needed.  Records  are  traced,  as  in  figure  3,  by  the 
light  reflected  from  (ninute  globules  of  mercury  sprayed  under  high 
pressure  from  a  fine  orifice  at  the  end  of  a  glass  tube.    A  globule. 


Pig.  1.  Modification  of  the'  capillary  pore  electrode  and  acceBsory  parte; 
preparation  immersed  in  a  physiological  solution.  iV,  baths  of  same  solution, 
with  noo-polari table  boot-electrodes  (Porter) ;  0,  glass  tube  supporting  pore- 
bearing  tube,  E,  and  filled  with  the  solution;  R,  rubber  coanection,  permitting 
delicate  and  yielding  pressure  of  electrode  upon  tissue;  C,  narrow  strip  of  chamois, 
saturated  with  the  solution  and  forming,  with  the  liquid  in  contact  with  the 
preparation,  the  indifTerent  terminal ;  E',  section  (actual  siie)  oF  the  pore-bearing 
tube — the  active  terminal. 

resting  inmiediately  over  the  active  region  of  the  muscle  and  separated 
from  it  only  by  a  very  delicate  fascia,  moves  in  a  majority  of  cases 
exactly  with  the  contracting  fiber  or  fibers.  In  a  few  instances  where 
the  globule  movement  is  not  so  great  as  that  of  the  fiber,  owing  probably 
to  heavier  fascia,  the  movement  is  strictly  relative  as  observed  with 
the  ocular  micrometer. 

Tetanizing  stimuli  are  produced  by  the  magneto-inductor  previously 
used  in  this  laboratory  (2)  giving  50  to  60  alternations  of  current  per 
second,  with  the  intensity  under  very  delicate  control  by  the  operator 
at  any  instant.  Twitches  of  muscle  fibers  are  made  with  induced 
break  shocks  only.     The  primary  circuit  of  the  inductorium,  with  a 
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single  Daniell  cell,  includes  a  large  straight  rheocord  serving  two  pur- 
pOMs:  first,  to  reduce  greatly  the  sparking  at  the  platinum-mercury 
key;  and  second,  to  control  delicately  the  intensity  of  the  stimuli. 

The  procedure  in  most  experiments  is  to  apply  the  electrode  to  the 
surface  of  the  sartorius  at  about  the  junction  of  the  middle  and  distal 
thirds,  shifting  the  electrode  until  a  suitable  contracting  element  can 
be  observed.  It  is  not  difficult  to  select  a  fiber  out  of  a  very  small 
group  in  any  location  by  simply  sliding  the  electrode  carefully  across 
the  fibers  by  means  of  the  horizontal  adjustment.  In  the  sartorius, 
however,  which  ia  generally  supposed  to  contain  a  majority  of  long, 
straight  fibers,  it  is  found  that  many  fibers  which  lie  superficially  at 
the  point  of  stimulation  are  very  shortly  buried  beneath  the  surface, 
many  times  not  to  reappear.  The  region  of  stimulation,  distal,  was 
first  selected  because  of  its  presumable  freedom  from  nerve  filaments. 
However,  there  has  never  been  any  difficulty  in  avoiding  indirect 
stimulation,  even  in  other  locations.  A  number  of  experiments  have 
been  made  with  the  electrode  applied  to  the  pelvic  end  of  the  muscle. 
This  is  a  more*  difficult  procedure,  owing  to  the  tUt  of  the  surface  in 
this  location,  but  the  results  have  been  equally  good  in  every  respect. 
In  some  experiments,  where  the  extent  of  contraction  has  been  rather 
limited,  a  greater  movement  has  been  obtained  by  cutting  thesurface 
fibers  at  one  or  the  other  end  of  the  muscle,  together  with  the  overlying 
fascia.  The  resulting  difference  is  that  excursion  is  increased,  with 
active  and  idle  fibers  more  readily  distinguished.  The  muscle  may  be 
further  relaxed  by  flexing  the  leg  on  the  thigh. 

Observations  are  made  by  watching  with  the  micrometer  ocular  the 
movement  of  the  mercury  globule,  or  that  of  a  minute  speck  of  carbcm 
blown  on  the  surface  of  the  preparation;  or,  finally,  by  observing  directly 
the  movement  of  small  capillaries  that  chance  to  cross  the  particular 
element  under  observation,  and  themselves  frequently  serve  as  clear 
indices  for  scale  reading.  For  the  purpose  of  this  paper  the  muscle 
fibers  themselves  have  to  a  large  extent  been  observed  directly  with  the 
microscope.  The  average  width  of  a  fiber  as  exposed  on  the  surface 
is  about  40  p  in  the  medium  sized  specimens  used. 

The  stimulating  current  is  always  of  very  low  intensity.  The  full 
capacity  of  the  several  generating  apparatus,  just  perceptible  to  the 
tip  of  the  tongue,  is  never  used;  and  even  further  decrement  must 
result  from  the  high  resistance  at  the  electrode  pore.  An  attempt  has 
been  made  several  times  to  use  a  pore  ot  3  n  diameter  without  success; 
apparently  the  full  current  was  insufficient  to  pass  so  fine  an  orifice 
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and  still  have  sufficient  intensity  to  stimulate  a  fiber.  The  electrode 
now  in  use  has  a  very  clean-cut  circular  pore  of  7  ^  diameter;  it  seldom 
becomes  plumed  in  use,  and  is  of  the  form  shown  in  figure  1,  E  and  E'. 

To  enable  localized  activity  to  reveal  itself  the  more  distinctly 
by  photographic  recording,  the  following  method  is  used.  The  frog  is 
prepared  as  usual  and  the  sartorius  tibial  tendon  carefully  cut  without 
other  injury  to  the  muscle.  This  leaves  the  circulation  intact  and  permits 
the  surface  fibers  to  relax.  The  source  of  illumination  is  placed  on  a 
level  with  the  fibers  to  be  observed,  thus  showing  them  in  relief.  The 
stimulating  electrode  is  placed  at  about  the  middle  of  the  sartorius, 
while  the  record  is  taken  near  the  tibial  end  of  the  muscle  where  the 
relaxation  of  the  fibers  is  greatest. 

For  the  recognition  of  a  minimal  effect,  the  appearance  of  the  activity 
of  a  single  fiber  is  not  alone  sufficient ;  further'  tests  must  be  applied. 
The  apparent  fiber  must  not  be  capable  of  variable  response  or  give 
any  evidence  of  a  possible  smaller  contraction.  This  is  determined  in 
two  ways.  First,  the  strength  of  the  stimulus  is  repeatedly  increased 
and  decreased  very  gradually  above  and  below  the  apparent  threshold. 
Often  a  very  marked  alteration  of  coil  position  may  be  made  without 
changing  the  response  from  its  uniform  character.  If  no  smaller  step 
LI  in  this  way  differentiated,  a  second  test  is  used  if  any  doubt  exists. 
A  uniform  stimulation  series  for  the  apparent  minimal  response  is 
maintained  until  the  rising  threshold  in  fatigue  induces  relaxation. 
If  this  occur  in  a  single  step,  the  test  is  considered  satisfactory.  If  it 
take  place  in  two  or  more  steps,  it  shows  the  probability  of  being  caused 
by  the  elimination  of  more  than  one  fiber  (2).  The  last  step  is  here 
found  by  test  to  be  all-or-none,  and  the  single  active  fiber  can  usually 
be  satisfactorily  observed  unless  it  has  ceased  to  be  superficial  at  the 
point  of  observation.  Under  such  conditions  the  activity,  even  though 
it  be  of  a  single  fiber,  will  impart  a  general  passive  movement  to  the 
fibers  in  that  location.  This  movement  will  also  be  found  to  be  all- 
or-none  in  character. 

OBSERVATIONS   AND    EXPERIMENTAL   RESULTS 

The  four  drawings  in  figure  2  illustrate  the  test  above  mentioned, 
and  are  made  from  sketches  secured  during  observations  in  an  early 
experiment.  In  this  experiment  the  pore  of  the  electrode  used  was 
about  35  ^  in  diameter,  much  larger  than  that  subsequently  employed. 
Views  A  and  B  are  of  the  same  portion  of  a  field  at  rest  and  active. 
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The  illumination  used  was  medium  in  intensity  and  produced,  at  the 
depression  of  sartorius  surface  along  the  edge  of  the  rectua  abdominis, 
a  linear  reflection  of  light  expressed  in  the  drawings  as  a  broad  line. 
The  distortion  of  this  line,  as  shown  in  drawing  B,  from  tension  directed 
nearly  at  a  right  angle,  would  suggest  a  very  limited  activity,  if  not  that 
of  one  fiber.  On  further  test,  however,  as  shown  in  views  C  and  D, 
more  than  one  unit  could  be  differentiated.  In  these  two  latter  views 
(the  same  field  as  of  the  former)  the  illumination  was  greatly  increased 
and  wa^  directed  from  a  different  point,  giving  the  multiple  reflections 
a»  shown.     The  same  current  strength  was  applied  for  both  B  and  D; 


Fiic.  2.  KxiM'riment  of  September  6,  1910.  A ,  the  prepiirulion  at  rest ;  g,  linear 
rrflpi'lion  ill  miirK'n  of  rectus  abdomiois.  /{.  the  prepnratiim  si imu luted;  h, 
distorted  rcflei-linn  from  local  tension  in  sartoriiis.  C.  at  rest  under  altered 
iltuininnlliin;  mi,  marginal  rcRectioD.  D,  aftaJn  atimiilated;  n,  trnsion  linen 
eliminnlHl  in  fatiKiiei  u.  residual  line  of  minimal  tension.  The  lellers.  .(.  H, 
('.  l>.  rent  ii|Hin  the  rei-liw  nbdominis.     Further  ilexeriiilinn  in  llie  text. 

the  <lifror('neo  appeared  only  on  change  of  illumination.  N'ext,  the 
stimulus  was  applied  continuously  until  Ihr  fontracting  field  relaxed. 
The  activity  did  not,  however,  end  in  one  abrupt  relaxation,  but  first 
H  suddenly  j'ieltle<l,  followed  several  second"  later  by  o,  showing  defi- 
nitely that  what  had  at  first  appeared  as  the  jxissible  act  ivity  of  a  single 
fil>er  w!i.s,  in  reality,  prolmbly  that  of  two. 

Figtiro  3  shows  photographically  the  record  of  reflection  from  two 
globules  of  mercury  on  the  surface  of  the  sartorius.  Five  muscle  fibers 
intervened  iK-twocn  them.  This  interval  wa-s  approximately  2t)0  n, 
or  .'  mm.  The  electrode  stimulated  the  filHT  l>enealh  the  upix'r  globule, 
which  tniceil  twilcbes  of  two  heights  or  steps;  the  higher  contraction 
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approximately  ^\  mm;  and  the  lower,  j},n  mm.  The  muscle  fibers 
crossed  at  right  angles  to  the  abscissa.  It  will  be  noted  that  the  lower 
tracing  shows  no  interniption  corresponding  to  the  contractions, 
thereby  indicating  the  very  limited  area  of  activity  with  Rtimiilation 
by  this  method.  By  direct  observation  with  the  high-power  ocular 
the  same  result  waa  apparent;  the  second  globule  did  not  move  even 
with  the  higher  response  produced   by  more  than  one  fiber.     This 


Fig.  3.  Experiment  A,  August  15, 1917.  Photo  mi  orographic  tracing  (negative) 
from  two  mercury  globules  on  the  surface  of  the  aartorius,  reading  from  left  to 
right.    The  record  was  made  on  a  uniformly  moving  plate.     Description  in  the 


Pig.  4.  Experiment  A,  August  2,  1917.    Described  in  the  text. 

figure  also  illustrates  the  method  of  test  for  determining  the  minimal 
step  by  the  fatigue  process.  The  twitches  were  produced  by  the 
apparent  minimal  stimulus,  using  a  Daniell  cell  with  rheocord  resistance. 
The  strength  of  the  stimulus  remained  constant,  and  was  applied  every 
two  seconds.  The  first  step,  apparently  minimal  when  the  experiment 
began,  had  soon  differentiated  from  it  a  lower  step  which  on  further 
observation  proved  to  be  all-or-none — the  true  minimal. 

The  drawings  in  figure  4  show  the  possible  activity  of  two  adjoining 
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fibers,  both  stimulated  by  the  electrode  at  the  point  of  application  but 
separated  by  an  intervening  fiber  in  the  field  of  observation.  At  the 
right,  capillary  a  is  pulled  to  a  sharper  angle  by  the  contraction  of  fiber 
d.  Capillary  b  shows  a  distortion  to  the  right  of  the  letter,  from  the  pull 
of  (he  fiber  beneath,  A  passive  fiber,  c,  lies  between.  At  the  left 
the  muscle  is  at  rest.     An  instance  such  as  this  is  often  encountered 


Fig.  5.  Experiment  of  June  14,  1917,     Described  in  the  l< 


h'lK-  ff.  Experiment  of  August  2S,  1916.     Dcsrril)ed  in  (he  t<-xt. 

when  applying  the  electrode  near  the  tibial  end  of  the  muscle  where  the 
fil»ers  rapidly  convei^c  to  blend  with  the  tendon.  Some  of  the  fibers 
disappear  beneath  their  neighl>or»  to  attach  to  the  tendon  deeply. 
Thus,  a  fiber  appearing  on  the  surface  at  the  central  end  may  not  be 
in  the  field  of  stimulation  lit  the  tendon  end.  The  reverse  of  this  may 
also  be  found. 
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In  figure  5  is  seen  the  effect  of  stimulating  a  fiber  which  dips  tielow 
the  surface;  z  being  a  deep  vessel,  y  a  surface  capillary  which  remains 
stationary.  The  vessel,  a,  is  drawn  to  a  marked  angle  by  the  hidden 
contracting  element. 

Figure  6  presents  the  reverse  phenomenon.  A  surface  fiber  is  stim- 
ulated; the  deep  vessel  remains  fixed.  It  is  evident  that  the  sharp 
angle  to  which  the  originally  vertical  capillary  is  drawn,  the  expansion 
of  the  capillary  at  e  from  stasis,  and  also  the  changed  direction  of  the 
blood-stream  as  indicated  by  the  arrows,  are  the  result  of  sharply 
localized  fiber  activity. 

In  figure  7,  at  the  left,  is  shown  the  muscle  surface  at  rest  with  all 
the  fibers  relaxed.     A  deep  vessel  lies  at  v.    On  the  right  is  the  same 


Pig.  7.  Experiment  of  September  17,  1917.    Described  in  the  text. 

field  with  the  fiber,  x,  active.  Note  the  tense  appearance  of  x;  the 
slight  pull  on  the  deep  vessel,  t>;  the  changed  relative  positions  of  the 
surface  capillaries.  This  is  from  a  careful  sketch  from  actual  observa- 
tion at  the  microscope.  The  threshold  in  this  preparation  altered 
rapidly  and  it  was  impossible  to  secure  a  good  photographic  record. 
The  strength  of  stimulus  was  changed  several  times  durii^  the  sketch- 
ing to  maintain  the  minimal  response. 

Figure  8,  a  photograph,  shows  at  the  left  the  muscle  surface  at  rest. 
The  fiber  to  contract  is  marginally  indicated  as  x.  The  position  and 
angle  of  the  two  capillaries  crossing  this  fiber  should  be  noted,  as  well 
as  the  heavy  capillarj-  loop,  a.  The  latter  remains  stationary.  At 
the  right  is  the  same  field  with  the  fiber,  x,  in  a  state  of  contraction. 
The  abscissa  is  preserved  in  a  bright  spot  beneath  each  globule;  the 
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excursion  of  the  lower  globule  is,  in  fact,  delicately  traced  t»y  this  point 
of  highest  hght-int«nHity,  Note  the  distinctlj'  altered  angles  of  the 
capillaries  crossing  x,  with  the  passive  change  as  they  cross  the  hbera 
to  the  left.  The  capillary,  a,  remains  stationar>-,  although  the  move- 
ment of  the  mercury  globule  shows  that  the  fascia  upon  which  it  rests 
is  decidedly  deformed  by  the  contraction  of  x.  By  direct  observation 
the  fiber,  x,  could  be  distinctly  seen  to  slide  past  all  its  neighbors  with 
a  greater  freedom  of  movement. 

Figure  9  shows,  at  the  left,  the  muscle  surface  at  rest.  The  fibers  are 
nearly  straight  and  not  particularly  distinct.  Capillary  a  is  fairly 
straight.     The  arch  of  capillary  c  is  quite  distinct,  crossing  two  fibers. 


Fiic.  8.  Experiment  B,  AuRiiet  2, 1917.    Described  in  the  lext. 

At  the  right  is  the  same  field  showing  the  activity  of  fiber  x,  which 
now  appears  more  tense  and  even  straighler  than  at  first,  with  a  slight 
general  movement  of  the  field  downward.  The  fibers  on  cither  aide 
of  the  tense,  active  fiber  have  a  crumpled  appearance  very  character- 
isUc  of  idling  elements  in  a  relaxed  muscle.  Capillarj'  a  is  now  wavy 
in  form.  Capillary  c,  drawn  slightly  out  of  focus,  still  retains  prac- 
tically the  same  arched  contour,  showing  that  the  two  fibers  which  it 
crosses,  so  decidedly  crumpled,  still  retain  their  relative  position  to 
each  other  and  are  not  themselves  active. 

Figure  10  shows  at  the  left  the  muscle  surface  at  rest,  with  all  the 
fibers  in  a  relaxed,  crumpled  position.  At  the  right  the  fiber,  x,  is  in 
a  state  of  contraction;  it  appears  quite  tense  and  straight.  The  other 
fibers  are  still  relaxed.     This  ol>ser\'ation  is  near  the  cut  tendon,  and, 
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as  a  result  of  the  contraction,  most  of  the  field  is  drawn  more  or  less 
out  of  focus. 

Figures  11  and  12  both  show  the  same  characteristics:  the  crumpled 
appearance  of  the  fibers  at  rest;  in  contrast  the  tense  appearance 
of  the  contracting  fiber  x;  and  the  changed  relative  positions  of  prom- 
inent capillaries. 

In  all  of  these  photographic  records  the  tests  mentioned  earlier  in 
this  paper  were  used  to  differentiate  the  minimal  contraction.  However 
clear  these  minimal  effects  may  appear  as  figured,  it  is  entirely  im- 
possible for  them  to  impart  the  conviction,  afforded  by  even  one  direct 
visual  observation,  that  the  observer  is  witnessing  the  absolute  minimal 


response  of  a  muscle — a  single  fiber,  at  the  will  of  the  operator,  gliding 
smoothly  among  its  neighbors  in  a  living  preparation.  The  use  of  the 
capillaries  with  their  changed  relative  positions  is  only  a  convenient  aid 
to  show  the  definitely  limited  character  of  the  response  to  stimulation; 
filled  with  the  circulating  blood,  they  produce  sufficient  color-contrast 
with  the  fibers  to  record  readily  on  the  photographic  pkte.  The 
capillaries,  indeed,  often  outline  the  individual  fibers.  But  by  direct 
observation  the  fiber  substance  itself  may  be  distinctly  seen  to  move 
with  a  swift  caterpillar-like  effect  of  shortening,  while  adjoining  fibers 
lie  passive. 

On  consideration  of  the  details  of  the  method — in  particular,  the 
circulation-preparation,  the  width  of  the  exposed  muscle  fiber  as  against 
the  small  diameter  of  the  stimulating  pore,  and  the  very  minute  strength 
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of  the  exciting  current  with  its  probable  extremely  local  effect  (3) — it 
would  seem  that  conditions  have  been  realized  highly  favorable  to  the 
isolated  response  of  a  single  fiber.  It  ha.'<  been  shown  that  in  many 
cases  the  response,  under  direct  oliservafion,  is  plainly  that  of  a  single 


Fig.  11.  Experiment  of  September  18,  1917.     Deacribed  in  the  tent. 


Fig.  12.  Experiment  of  September  20,  1917.    Described  in  the  te«t. 

fiber.  In  cases  of  doubt,  even  where  change  of  stimulation  strength 
appears  to  leave  the  extent  of  contraction  unaffected,  the  minimal 
effect  may  be  differentiated  by  elimination  through  the  fatigue  proceas. 
Thus  it  comes  about  that  even  when  stimulation,  through  spread  of 
current,  is  relatively  diffuse,  the  falling  out  of  successive  contractile 
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units  as  fatigue  manifests  itself  will  tend  finally  to  leave  one  element 
"standing,"  Such  a  remainder,  as  I  have  endeavored  to  show,  is 
the  fil>er.  Its  contraction  is  of  unit  value,  holding  its  own  through 
rising  threshold  or  falling  stimulus  until  it,  likewise,  is  abruptly  degraded 
to  zero.  The  minimal  contraction  is  not  an  arbitrary  term;  nor  does 
it  reflect  the  abstract  ideal  attaching  to  a  continuous  system.  It  is 
a  concrete  event,  readily  elicitablc  by  appropriate  excitation — visible 
and  capable  of  measurement. 

SUMMARY 

1.  This  paper  reports  a  method  for  revealing  a  true  minimal  entity 
in  the  contraction  of  directly  stimulated  skeletal  muscle.  The  existence 
of  such  an  entity  is  implied  in  the  all-or-none  principle  of  Keith  Lucas, 
lis  determination  as  an  observed  phenomenon  must  serve  as  a  further 
support  of  thjit  principle  and  render  possible  various  observations 
foreign  to  the  study  of  the  muscle  as  a  whole. 

2.  The  sartorius  muscle  in  situ  of  the  pithed  frog,  uncurarized,  with 
intact  circulation  is  used  in  all  experiments.  The  stimulating  apparatus 
consists  in  the  capillary-  pore  electrode  and  its  accessory  devices,  with 
appropriate  modifications.  Microscopic  and  photographic  apparatus 
for  the  purpose  of  observing  and  in  various  ways  recording  localized 
fiber  activity  are  described. 

3.  The  procedures  involve:  oKser\'ation  of  local  contraction;  appli- 
cation of  tests  for  minimal  effect;  verification,  by  observation  and 
photographic  record,  of  the  uni-fibral  origin  of  an  irreducible  contraction. 

4.  A  number  of  drawings  and  photomicrographs  arc  pre.sented, 
showing  the  activity  of  single  fibers,  and  the  minimal  function  of  these 
is  supported  by  experimental  evidence. 

My  thanks  are  due  to  Dr.  Frederick  H.  Pratt  for  kindly  direction 
during  the  course  of  this  investigation. 
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The  literature  on  the  subject  of  alcohol  is  so  large  and  in  many 
respects  so  conflicting  that  no  attempt  will  be  made  to  review  it. 

We  have  shown  that  the  catalase  of  the  blood  is  increased  during  the 
stimulating  stage  of  narcosis  and  decreased  during  deep  narcosis. 
It  was  also  shown  that  the  increase  in  catalase  was  due  to  an  increased 
output  from  the  liver  and  that  the  decrease  during  deep  narcosis  was 
due  to  a  destruction  of  the  catalase  by  the  narcotic.  If  it  is  true  that 
catalase  is  the  enzyme  in  the  ftnirn»l  organism  principally  responsible 
for  oxidation,  possibly  in  the  manner  suggested  by  Bach  and  Chodat, 
then  it  may  be  that  the  decrease  in  catalase  with  resulting  decrease  in 
oxidation  is  the  cause  of  deep  narcosis,  while  the  increase  in  catalase 
with  the  resulting  increase  in  oxidation  is  the  cause  of  the  excitement 
stage.  It  seems  to  be  a  disputed  question  as  to  whether  alcohol  pro- 
duces a  stimulating  effect  or  a  depressing  effect.  If  it  can  be  shown 
that  the  initial  effect  of  alcohol  is  to  increase  the  catalase  of  the  blood 
and  hence  of  the  tissues  and  that  during  alcoholic  coma  catalase  is 
decreased,  this  would  seem  to  argue  that  the  initial  effect  of  alcohol  is 
to  stimulate  while  the  remaining  effect  is  to  depress.  The  object  of 
this  investigation  was  to  determine  the  effect  of  alcoholic  intoxication 
on  the  catalase  content  of  the  blood.  Dogs  were  used  in  the  experi- 
ments.  Previous  to  the  introduction  of  alcohol  the  animftU  were 
slightly  etherized  and  during  this  period  of  slight  anesthesia  at  least 
two  determinations  were  made  to  see  that  the  catalase  of  the  blood  had 
become  constant.  When  this  was  found  to  be  the  case  these  deter- 
minations were  taken  for  comparison  as  the  normal  catalase  of  the 
blood.  Alcohol  was  then  introduced  and  after  this  had  taken  effect, 
which  required  as  a  rule  fifteen  or  twenty  minutes,  the  administration 
of  ether  was  discontinued.  At  intervals  of  fifteen  minutes  samples  of 
blood  were  taken  and  the  catalase  content  determined.  The  deter- 
minations were  made  by  adding  0.5  cc.  of  blood  to  50  cc.  of  hydrogeD 
67 
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peroxide  in  a  bottle  at  22°C.  and  as  the  oxygen  gas  was  liberated,  it  was 
conducted  through  a  rubber  tube  to  an  inverted  burette  previously 
filled  with  water.     After  the  volume  of  gas  thus  collected  had  been 
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Fig.  1.  Curves  showing  effect  of  alcohol  on  the  catalaae  content  of  the  lilood. 
Ths  figures  lUong  the  abscissa  (0  to  165)  in(licat«  time  in  minutes,  while  the 
figures  along  the  ordinate  (0  to  75)  represent  amounts  of  catalase  indicated  in 
cubic  centimeters  of  oxygen  liberated  from  hydrogen  peroxide  in  ten  minutes 
by  0.5  CD.  of  blood. 

reduced  to  standard  atmospheric  pressure,  the  resulting  volume  was 
taken  as  a  measure  of  the  amount  of  catalase  in  the  0.5  cc.  of  blood. 

Curve  1  was  constructed  from  data  obtained  from  a  dog  after  the 
introduction  of  150  cc.  of  60  per  cent  ethyl  alcohol  into  the  stomach  of 
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the  animal.  It  will  be  seen  that  0.5  cc.  of  the  samples  of  blood  taken 
during  the  thirty-^ninute  interval  at  the  beginning  of  the  experiment 
and  before  any  alcohol  bad  been  introduced  into  the  stomach  of  the 
animal,  liberated  51  cc.  and  51  cc.  of  oxygen  respectively  from  hydrogen 
peroxide  in  ten  minutes;  that  fifteen  minutes  after  the  alcohol  had  be^i 
introduced  or  at  the  end  of  the  forty-five  minute  period,  0.5  cc,  of  the 
blood  liberated  65  cc.  of  oxygen,  while  thirty  minutes  after  the  intro< 
duction  of  the  alcohol,  it  liberated  75  cc.  of  oxygen.  By  comparing 
the  amount  of  oxygen  liberated  by  the  blood  previous  to  the  introduction 
of  alcohol  with  that  after  the  introduction  of  alcohol,  it  will  be  seen  that 
the  amount  of  oxygen  had  increased  from  51  to  75  co.  Curve  2  was 
constructed  from  data  obtained  from  a  dog  after  the  introduction  of 
20  cc.  of  30  per  cent  ethyl  alcohol  at  intervals  of  thirty  minutes.  It  will 
be  seen  that  0.5  cc.  of  blood  of  the  two  samples  taken  previous  to  the 
introduction  of  alcohol  liberated  48  and  48  cc.  of  oxysem  respectively 
from  hydrogen  peroxide;  that  after  the  introduction  of  alcohol  the 
amount  of  oiO'K^  liberated  increased  from  48  cc,  the  normal,  to  74 
cc.,  the  amount  liberated  by  the  sample  of  blood  after  the  dog  had 
been  under  the  influence  of  alcohol  for  one  himdred  and  thirty-five 
minutes. 

The  question  that  naturally  arises  in  this  connection  is,  how  does 
the  introduction  of  alcohol  into  the  stomach  bring  about  an  increase 
in  the  catolase  of  the  blood?  Since  the  alcohol  is  absorbed  directly 
from  the  alimentary  tract  into  the  blood,  the  answer  that  suggests 
itself  is  that  the  increased  catalase  may  be  due  to  the  direct  action  of 
the  alcohol  on  the  blood,  or  to  the  stimulating  effect  of  the  alcohol  on 
the  liver  thus  increasing  the  output  of  catahise  from  this  organ. 

The  following  experim^it  was  carried  out  to  determine  if  the  increase 
in  catalase  was  due  to  the  direct  action  of  the  alcohol  on  the  blood. 
To  18  cc.  of  defibrinated  dog's  blood  2  cc.  of  95  per  cent  ethyl  alcohol 
were  added.  The  data  from  which  curve  4  was  constructed  were 
obtained  from  determinations  of  the  catalase  of  this  blood.  Two 
determinations  of  the  catalase  of  0.5  cc.  of  the  blood  were  made  pre- 
vious to  the  addition  of  the  alcohol,  while  the  remaining  determinations 
were  made  at  intervals  of  fifteen  minutes  after  the  addition  of  the  alcohol. 
It  will  be  seen  that  0.5  cc.  of  the  blood  before  the  addition  of  the  alcohol, 
liberated  40  cc.  and  40  cc.  of  oxygen  respectively;  that  after  the  addi- 
tion of  alcohol,  the  catalase  of  the  blood  decreased  as  is  indicated  by  a 
decrease  from  40  cc.  of  oxygen,  the  amount  liberated  previous  to  the 
addition  of  alcohol,  to  24  cc.  of  oxygen,  the  amount  liberated  by  0.5 
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cc.  of  the  blood  ninety  minutes  after  the  addition  of  the  alcohol.  This 
observation  is  interpreted  to  mean  that  alcohol  of  this  concentration 
destroys  the  catalase  of  the  blood.  It  might  be  said  in  this  connection 
that  several  other  experiments  were  carried  out  using  much  weaker  as 
well  as  much  greater  concentrations  of  alcohol,  and  it  was  found  that 
the  effect  of  alcohol  was  to  destroy  the  Catalan,  the  rate  of  destruction 
being  faster  the  greater  the  concentration. 

The  data  for  curve  3  were  obtained  from  a  dog  into  whose  jugular 
vein  40  per  cent  ethyl  alcohol  was  introduced  at  the  rate  of  approxi- 
mately 1  cc.  per  minute.  Previous  to  the  introduction  of  the  alcohol, 
the  catalaee  content  of  two  samples  of  the  blood  was  determined.  It 
will  be  seen  that  0.5  cc.  of  these  samples  liberated  45  cc.  and  46  cc. 
oxygen  respectively  from  hydrogen  peroxide  in  ten  minutes.  Fifteen 
minutes  after  the  introduction  of  alcohol  into  the  blood,  a  determination 
of  the  cataiase  content  of  0.5  cc.  was  made.  Similarly  determinations 
were  made  after  thirty,  forty-five,  sixty,  seventy-five,  ninety,  one 
hundred  and  five,  and  one  hundred  and  twenty  minutes  respectively. 
It  will  be  seen  that  the  introduction  of  alcohol  into  the  blood  through 
the  jugular  vein  decreased  the  cataiase  of  the  blood  after  two  hours  by 
33  per  cent  as  is  indicated  by  a  decrease  in  the  amount  of  oxygen 
Uberated  from  45  to  30  cc.  This  observation  is  interpreted  to  mean 
that  the  mtroduction  of  alcohol  into  the  blood  vessels  of  the  living 
animal  destroys  the  cataiase  of  the  blood. 

The  question  why  the  introduction  of  alcohol  into  the  blood  from  the 
alimentary  tract  should  increase  the  cataiase,  while  the  introduction 
of  alcohol  directly  into  the  blood  vessels  should  decrease  the  cataiase, 
naturally  arises.  One  answer  that  suggests  itself  is  that  when  the 
alcohol  is  absorbed  from  the  alimentary  tract  and  is  carried  directly 
to  the  liver,  it  may  stimulate  this  organ  to  an  increased  output  of  cata- 
iase. If  this  explanation  is  the  correct  one,  then  the  introduction  of 
alcohol  into  the  portal  blood  should  increase  the  output  of  cataiase 
from  the  Uver.  Accordingly,  experiments  were  carried  out  to  see  if 
this  were  true.  By  means  of  a  hypodermic  needle  attached  to  a 
burette  by  a  piece  of  rubber  tube,  40  per  cent  ethyl  alcohol  was  intro- 
duced  into  the  portal  blood  at  the  rate  of  approximately  1  cc.  per  minute 
while  the  cataiase  of  the  blood  taken  from  the  external  jugular  waa 
determined  at  intervals  of  fifteen  minutes.  For  comparison  the  cata- 
iase of  the  blood  was  determined  after  fifteen  and  thirty  minute  intervals 
at  the  beginning  of  the  experiment  before  the  introduction  of  the  alcohol. 
It  will  be  seen  in  curve  5  that  0.5  cc.  of  these  samples  of  blood  liberated 
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36  and  35  cc.  of  oxygen  in  ten  minutes.  After  the  thirty-minute 
interval,  the  alcohol  waa  injected  at  the  rate  stated.  It  will  be  seen 
that  the  effect  of  the  injection  into  the  portal  vein  was  not  to  increase 
the  catalase  of  the  blood  as  was  expected,  but  to  decrease  it  as  ia  indi- 
cated by  the  decrease  in  the  amount  of  oxygen  liberated  by  0.5  cc.  of 
the  different  samples  of  blood.  Why  the  absorption  of  alcohol  from 
the  alimentary  tract  should  produce  an  increase  in  the  catalaae  of  the 
blood,  while  the  introduction  of  alcohol  into  the  portal  vein  produced 
a  decrease,  I  am  not  as  yet  prepared  to  state. 

As  a  result  of  the  experiments  reported  in  this  paper,  it  is  assumed 
that  in  so  far  as  the  absorption  of  alcohol  from  the  alimentary  tract 
produces  an  increase  in  the  catalase  of  the  blood  resulting  presumably 
in  an  increase  in  oxidation,  just  so  far  alcohol  exerts  a  stimulating  effect, 
while  in  so  far  as  the  accumulation  of  alcohol  in  the  blood  tn  prolonged 
intoxication  or  the  introduction  of  alcohol  directly  into  the  blood  de- 
stroys catalase,  resulting  presumably  in  a  decrease  in  oxidation,  just  so 
far  alcohol  exerts  a  depressing  effect. 


The  introduction  of  alcohol  into  the  stomach  greatly  increases  the 
catalase  of  the  blood,  while  the  introduction  of  alcohol  directly  into 
the  vascular  system  decreases  the  catalase  of  the  blood.  The  decrease 
in  catalase  produced  by  the  introduction  of  alcohol  directly  into  ;the 
blood  ia  due  to  the  deetructton  of  the  catalase  by  the  alcohol.  Further 
work  is  necessary  before  an  explanation  can  be  given  for  the  increaae 
in  the  catalase  of  the  blood  when  alcohol  is  absorbed  from  the  ali- 
mentary tract  into  the  blood. 
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I.  THE   BLOODFLOW  DURINQ  lUUBRBlOK  IN   COLD  WATEB 

These  experimenta  purposing  to  show  the  influeDce  of  inunersioD  in 
cold  water  upon  the  flow  of  the  blood,  were  performed  uponemall  doga 
'  during  light  ether  narcosis.  In  each  case  the  animal  was  placed  in  a 
small  bath  tub  with  the  shoulders  and  head  elevated  in  such  a  way  that 
the  body  could  be  covered  later  on  with  water  without  interfering  with 
respiration.  A  stromuhr'  was  then  inserted  in  the  left  common  carotid 
artery.  The  central  cannula  of  this  instrument  was  connected  with  a 
mercury  manometer  for  the  registration  of  the  general  arterial  pres- 
sure. The  respiratory  movements  were  recorded  by  means  of  a  simple 
Btethographic  arrangement. 

The  procedure  followed  in  these  experimenta  consisted  in  the  de- 
termination of  the  bloodflow  under  normal  conditions  and  during  the 
immersion  of  the  animal  in  water  of  25  to  32°C.  Lower  temperatures 
than  these  were  not  employed,  because  the  muscular  reactions  then 
usually  resulting,  tended  to  increa^  the  general  blood  pressure  very 
abruptly,  and  also  interfered  with  the  registration  of  the  bloodflow 
in  a  mechanical  way.  I  have  sought  to  duplicate  upon  these  animals 
merely  those  tonic  reactions  which  one  ordinarily  experiences  in  baths 
of  32  to  34°C.  In  illustration  of  the  results  I  insert  in  this  place  a 
table  giving  the  values  of  the  carotid  bloodflow  and  of  the  arterial  pres-, 
sure  as  determined  by  experiment  2  of  this  series.  The  immet^on  was 
continued  in  this  case  during  a  period  of  about  ten  minutes.  The  water 
was  cooled  to  28''C.  A  comparison  of  the  values  before  and  after  the 
immersion  shows  very  clearly  that  the  cool  water  exerts  a  favorable 
influence  upon  the  bloodflow  and  that  the  increased  flow  is  associated 
with  a  well  marked  rise  in  the  sj^temic  pressure  and  a  slight  accelera- 
tion of  the  respiratory  movements. 

■  The  recording  stromuhr  described  by  Burton-Opiti  waa  employed  (PflUger's 
Arch.,  1908,  cxxi,  ISO). 
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TABLE  I 

Carotid  HoodfiotD  during  balk  in  eool  tnUer  (Dog  9.6  kilot) 
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19.0 
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1.43 

19.0 

12,4 

1.62 

18.4 

10.8 

1.71 

18.8 

11.4 

164 

19.2 

12.8 

1.51 

19.2 

11.3 

1.70 

19.8 

13.1 

1.49 

10 

19.0 

11.3 

1.87 

11 

19.4 

Il.fi 

1.60 

12 

18.8 

12.2 

l.M 
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1.59 
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13 

19.0 

ll.fi 

1.65 

110.5 

Immenion  in  wftt«r  of  SS^C., 

14 

19.0 

10.3 

1.86 

10  minutea. 

IS 

18.2 

9.7 

1.87 

114.3 

16 

18.2 

9.0 

2.03 

118.3 

17 

18.8 

9.8 

1.91 

18 

18.8 

10.4 

1.71 

10 

19.2 

9.S 

2.02 

30 

19.4 

10.2 

1.90 

21 

19.4 

9.4 

2.06 

32 

18.8 

10.8 

1.77 

33 

19.4 

10.8 

1.80 

119.6 

24 

19.0 

10.0 

1.90 

2S 

19.2 

10.4 

1.84 

2S 

18.8 

10.8 

1.74 

Avenv 

1.80 

119.6 

U.  THE   DISTBIBmiON   OF   THE    BLOOD    DCBIKO   STtlfDLATION   OF   TBB 
SPLANCHNIC  NBBVB 

The  quantitative  meaBurements  of  the  bloodflov  in  the  portal  vein 
aad  its  tributaries  (1)  have  proven  conclusively  that  vasoconstrictor 
reactions  in  the  visoera  innervated  by  the  splanrhnic  nerve  caused  a 
marked  diminution  in  the  influx  of  arterial  blood  into  these  organs. 
This  stagnation  is  responsible  for  the  increase  in  the  arterial  pressure. 
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Edwards  (2)  has  shown,  however,  that  the  stagnatioa  is  not  absolute 
and  that  a  certain  compensation  is  possible  through  the  circuit  of  the 
carotid  and  femoral  arteries,  which  tends  to  keep  the  venous  system 
supplied  with  almost  normal  quantities  of  blood. 


Floiv  IJ 


TABLE  I 
a  during  slimulaiio 


of  greater  tp'ancknic 
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22 
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23 
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24 
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91.0 
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25 
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Stimulation  left 

26 
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27 
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2S 
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40 
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15  cm. 
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2,8 

7-1 

30 
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3.1 

6,4 

0,8 
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31 
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32 
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2,4 

8,3 
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33 

20.0 

3,0 

6.6 

34 
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2,0 

10,0 

132,5 

35 

19.8 

2.9 

6,8 

36 

19.8 

2.0 

9,9 

2,0 
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37 

19.6 

2,5 

7,8 

38 

19.4 

2,0 

9.7 
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2,1 
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40 

19.3 

2,0 

9,6 
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20.0 

2.8 
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42 
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9.0 
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43 

20.0 

2.6 
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44 
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1,8 
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45 
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9.7 

4.0 
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47 
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2.4 
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This  compensation  in  the  distribution  of  the  blood  in  consequence  of 
splanchnic  constriction  is  especially  well  betrayed  in  the  inferior  cava 
distally  to  the  entrance  of  the  hepatic  veins,  I  have  succeeded  in 
showing  this  by  calibrating  the  bloodstream  in  this  vein  before  and 
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during  the  excitaton  of  the  left  greater  splanchnic  nerve.  The  Btro- 
muhr  was  inserted  distaliy  to  the  left  renal  vein.  The  distal  cannula 
was  connected  with  a  membrane  manometer  which  registered  the  ve- 
nous pressure.  The  general  arterial  pressure  was  recorded  bya  mercury 
manometer  connected  with  the  left  femoral  artery.  In  illustration  of 
the  results  I  insert  at  this  time  the  calculatioua  for  a  part  of  experiment 
2  of  this  series,  as  well  as  a  reproduction  of  the  phases  recorded  by  the 
stromuhr  during  this  time.  As  is  clearly  shown  in  figure  1,  the  stimu- 
lation of  the  aforesaid  nerve  A~B,  is  followed  by  a  decided  increase  in 
the  venous  retiun,  the  normal  Sow  of  5.4  cc.  in  a  second,  Si,  being 
gradually  displaced  by  a  flow  equalling  9.0  to  1 1.0  cc.  in  a  second.  This 
change  occurs  during  the  period  of  high  arterial  pressure,  C-D,  i.e.,  at 
a  time  when  the  splanchnic  organs  are  constricted.  Under  wdinary  con- 
ditions the  results  of  this  constriction  betray  themselves  in  the  central  ve- 
nous channels  by  a  drop  in  pressure  in  consequence  of  the  lessened  influx 
of  portal  and  renal  blood,  F.  The  present  experiments,  however,  show 
that  this  central  deficiency  in  blood  is  soon  compensated  for  by  a  greater 
influx  through  circuits  not  dominated  by  the  splanchiuc  nerve.  In 
addition  this  change  in  the  distribution  of  the  blood  acts  as  a  check 
upon  the  pressures,  preventing  the  occurrence  of  an  undue  arterial 
stagnation  and  hence  of  an  injurious  increase  in  the  arterial  pressure. 

ni.  THE  BBL&TtON  BETWEEN  THE  INTRAPB81CARDIAL  PRESSDItB  AND  THE 
POBTAL  BLOODPLOW 

These  experiments  are  intended  to  illustrate  the  clinical  picture  ob- 
served in  pericarditis  as  it  betrays  itself  in  changes  in  the  dynamical 
conditions  of  the  portal  system.  They  were  perfo^ed  upon  dogs  dur- 
ing ether  narcosis.  The  chest  having  been  opened  and  artificial  respi- 
ration instituted,  a  glass  cannula  was  inserted  in  the  pericardial  sac. 
The  stromuhr  was  then  connected  with  the  portal  vein.  The  venous 
pressure  was  r^pstered  by  a  membrane  manometer  connected  with 
the  distal  cannula  of  this  instrument,  and  the  arterial  pressure  by  a 
mercury  manometer  connected  with  the  carotid  artery.  The  proqedure 
consisted  in  all  cases  in  obtaining  these  different  records  under  normal 
conditions  as  well  as  during  periods  of  increased  intrapericardial  pres- 
sure. The  latter  end  was  attained  by  permitting  air  from  a  pressure- 
bottle  to  flow  into  the  pericardial  sac  until  a  very  moderate  degree 
of  inflation  had  been  established.  The  height  of  this  pressure  was 
recorded  by  a  water-manometer. 
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As  the  resultB  are  perfectly  uniform,  a  brief  discussion  of  figure  2 
will  no  doubt  suffice  to  show  their  character.  In  the  present  animal, 
a  dog  weighing  14  kilos,  the  fiow  in  the  portal  veia,  S,  amounted  to  3.69 
cc.  in  a  second.  The  inflation  of  the  pericardial  sac  was  begun  at  A, 
It  was  continued  during  a  period  of  about  twenty  seconds,  i.e.,  to  point 
B,  reaching  a  maximal  value  of  4  mm.  Hg.  It  is  evident  in  the  record 
that  the  flow  decreases  very  markedly  at  A  and  continues  small  for  some 
time  after  the  cessation  of  the  inflation,  i.e.,  to  about  point  C  The 
average  flow  during  this  period  is  only  1.81  cc.  in  a  second,  a  reduction 
of  50  per  cent. 


Fig.  3.  Portil  bloodflow  on  taorsHmK  inUKpuiosnlUl  prasnm.  A  ta  B 
(R«d.  to  )  orifina]). 

If  we  now  observe  the  records  of  the  pressures,  it  is  apparent  that 
this  period  of  decreased  flow  coincides  with  a  fall  in  the  arterial  pressure, 
CA,  and  a  rise  in  the  venous  pressure,  PV.  These  phenomena  of  low 
arterial  driving  force  and  venous  stagnation  disappear  soon  after  the 
cessation  of  the  inflation.  It  need  scarcely  be  mentioned  that  greater 
increases  in  pressure  do  not  alter  the  character  of  these  changes  but 
merely  tend  to  render  them  more  conspicuous. 

IV.  THE  INFLUENCE  OF  TBICU8PID   BEaURQITATION  UPON  THE  POSTAL 
BLOODFLOW 

The  method  employed  to  reproduce  the  clinical  picture  of  tricuspid 
regurgitation  as  it  betrays  itself  in  changes  in  the  portal  system  was 
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very  similar  to  the  one  just  described.  The  stromuhr  vss  inserted  in 
the  portal  vein  centrally  to  the  splenic  vein.  The  arterial  and  venous 
pressuree  were  recorded  by  a  mercury  and  membrane  manometer  con- 
nected with  the  femoral  artery  and  portal  vein  respectively.  The  pro- 
cedure consisted  in  rendering  the  tricuspid  valve  incompetent  at  a  cer- 
tain moment  after  the  beginning  of  the  calibration  of  the  normal  blood 
flow.  The  latter  end  was  attained  by  severing  some  of  the  chordae 
tendineae  with  a  long  hook-shaped  knife  inserted  through  the  right 
external  jugular  vein.    The  chest  remained  closed. 

This  procedure  was  followed  by  an  almost  immediate  reduction  in  the 
portal  blood&ow  and  a  fall  in  the  general  arterial  pressure.  The  con- 
spicuousness  of  these  changes  varied  with  the  severity  of  the  lesion,  a 
gradual  cessation  of  the  flow  following  an  absolute  incompetency  of 
this  valve.  In  these  cases  the  portal  pressure  also  showed  a  decrease  in 
accordance  with  the  fall  in  arterial  pressure.  Milder  types  of  regurgi- 
tation, however,  were  associated  with  a  slight  rise  in  venous  pressure. 
The  reversion  appeared  when  the  blood  flow  had  suffered  a  reduction 
to  about  four-fifths  of  normal. 

V.   THE   BLOOD    SUPPLY   AND    INNBBVATION   OF  THE   GALL    BLADDER 

The  attempts  which  I  have  made  to  determine  the  blood  supply  of 
the  gall  bladder  of  dogs  have  not  been  wholly  successful,  because  the 
artery  supplying  this  organ  is  small  and  rather  inaccessible.  To  begin 
with,  I  sought  to  overcome  this  difficulty  by  restricting  the  vascular 
field  to  be  experimented  upon  by  ligatiog  the  branches  of  the  hepatic 
artery,  so  that  the  main  trunk  of  this  blood  vessel  could  be  made  ac- 
cessible to  the  recording  instrument.  In  studyii^  the  distribution  of 
this  artery  with  the  help  of  parafline  injections  it  was  found,  however, 
that  its  branches  are  distributed  not  only  to  the  gall  bladder  but  also 
to  the  neighboring  mass  of  the  hver.  Moreover,  as  it  is  practically  im- 
possible to  isolate  the  latter  under  the  conditions  made  necessary  by 
experiments  of  this  kind,  the  results  of  these  calibrations  leave  much 
to  be  desired  and  shall  for  this  reason  not  be  discussed  further. 

There  is  one  observation,  however,  to  which  I  should  like  to  call  at- 
tention and  that  is  the  musculo-motor  effect  which  the  stimulation  of 
the  coeliac  and  hepatic  plexuses  produces.  .  Obviously,  as  the  contrac- 
tion of  the  musculature  of  this  organ  tends  to  vary  the  flow  through  the 
distal  blood  vessels,  the  flow  in  the  main  channel  must  suffer  a  similar 
disturbance.    For  this  reason  quantitative  fluctuations  frequently  re- 
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suit  which  can  scarcely  be  differentiated  from  those  having  a  true  vaso- 
motor origin.  . 

The  contractions  of  the  gall  bladder  were  registered  in  these  experi- 
ments by  a  very  sensitive  tambour  connected  with  the  cystic  duct 
directly  below  its  point  of  origin.  The  hepatic  plexus  was  then  divided 
at  a  point  about  2  cm.  distally  to  the  coeliac  ganglion.  Its  distal  end 
was  placed  in  shielded  electrodes.  In  another  animal,  the  electrodes 
were  applied  to  the  fibers  which  eventually  escape  from  the  hepatic 
plexus  to  form  a  network  around  the  second  branch  of  the  hepatic 
artery  in  the  immediate  vicinity  of  the  common  duct. 


Fi|.  3,  Cantractioa  of  gall  bladder  on  atimulAtioa  of  coeliac  plexua  (Red.  to 
(  origiiKJ}. 

In  either  case  the  stimulations  resulted  in  well-marked  contractioiis  of 
the  gall  bladder,  proving  thereby  that  the  musculo-motor  fibers  of  this 
organ  are  derived  from  the  coeliac  ganglion  and  its  distal  plexus.  The 
accompanying  figure  (3)  shows  the  record  of  the  tambour  A,  in  relation 
with  the  blood  pressure  in  the  femoral  artery,  P.  The  latt«r  presents 
no  variations  because  the  hepatic  artery  had  been  obstructed  in  this 
case  some  time  before  the  stimulation.  At  other  times,  however,  when 
this  artery  had  not  been  compressed,  the  stimulations  led  to  a  decided 
increase  in  the  arterial  pressure,  obviously  because  the  hepatic  plexus 
embraces  constrictor  fibers  for  the  blood  vessels  of  the  liver,  the  excita- 
tion of  which  lessens  the  normal  arterial  flow  into  this  or^n  (3).    The 
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smaller  oscillations  upon  line  A  are  caused  by  the  movetneats  of  the 
diaphragm.  The  preasurea  developed  by  the  gall  bladder  during  these 
stimulations  did  not  exceed  3.0  mm.  Hg. 
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The  factois  underlying  the  accumulation  of  dissolved  substances  in 
the  body  Buids,  or  their  secretion,  can  best  be  studied  by  considering 
three  phases  in  the  history  of  the  dissolved  substance,  namely,  the 
origin  or  source  of  supply,  the  mechanism  of  distribution  and  the  desti- 
nation, whether  storage,  excretion  or  conversion  into  other  substances. 
In  all  of  these  stages  we  deal  with  relative  aolubilitie).  Under  one  set 
of  conditions  substances  appear  to  be  more  soluble  in  the  blood  and 
under  other  conditions  in  the  relatively  more  soluble  tissue  constitu- 
ents. At  present  there  are  two  descriptions  of  the  phenomenon  of 
relative  solubility  which  take  into  account  its  variations  in  direction 
and  amount  of  action.  Some  emphasize  the  conditions  which  point 
to  osmosis  as  an  important  mechanism,  whereas  others  see  in  the  col- 
loidal nature  of  the  tissue  structure  the  clue  to  their  behavior.  Can 
the  behavior  of  the  tissues  and  organs  be  described  both  quantitatively 
and  qualitatively  on  a  basis  of  colloid  behavior?  If  so,  have  we  any 
mechanism  which  is  adequate  to  accomplish  the  observed  results,  in 
affecting  the  colloids? 

It  is  well  known  that  many  substances  in  the  colloid  state  can  be 
made  to  absorb  or  give  up  water  under  varying  acid-alkali  (1)  or  hy- 
drogen-hydroxyl  (2)  concentration.  That  these  observations  held  good 
for  certain  body  proteins  was  emphasized  by  Martin  Fischer  in  his 
application  of  this  principle  in  the  study  of  oedema  (1).  The  question 
of  whether  this  relationship  of  ability  to  hold  or  release,  under  var>'ing 
degrees  of  "acidity,'  held  true  for  dissolved  substances  was  the  next 
point  to  be  solved.  Fischer  found  that  fibrin  would  hold  or  release 
sodium  chloride,  according  to  whether  the  acid  content  was  increased 
txr  decreased.  Later  Reemelin  (3)  showed  the  same  to  be  true  for  fibrin 
and  phenolsulphonephthalein.     In  testing  out  other  substances  and 
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^^u^;  ,%-.\-»i?v  K«?oiut4u)  and  Isaacs  (2)  found  that  this  same  relation- 
•.,u,>  '.tvMi  ■-»!»■  K>r  the  kidney  colloids  and  urea,  and  that  the  kidney  col- 
ti'.iix  ,-\K4«l  Iv  mttile  to  secrete  more  water  and  more  urea,  the  lower 
!t>*>  Ivniu-fr-u  ioQ  concentration,  and  less  when  the  hydrogen  ion  con- 
i\'utiti(u>»  was  higher.  As  this  extremely  delicate  relationship  was 
lUtuvnwlmtwl  to  be  true  for  solutions  whose  strengh  and  hydrogen  ion 
I'vuii.viitmtiou  were  within  physiological  limits,  the  oft  repeated  criti- 
iisin  that  t"i8oher's  tenets  held  only  for  amounts  of  acid  never  met  with 
iu  the  bwly,  was  answered.  This  led  to  the  formulation  of  a  theory  of 
arUdii'e  adsvrplitm,  which  held  that  a  dissolved  substance  could  be  held 
or  patised  on,  according  to  its  behavior  in  the  presence  of  a  higher  or 
lower  hydrogen  ion  concentration.  It  thus  became  desirable  to  test 
out  other  sxibstances  and  note  their  behavior  to  the  kidney  colloids, 
lu  this  way  one  of  the  factors  involved  in  the  accumulation  or  decrease 
of  dissolved  substances  in  the  body  fluids  could  be' studied.  The 
prenent  paper  deals  with  the  relationship  between  sodium  chloride  and 
the  kidney  colloids,  under  varyuig  degrees  of  hydrogen  ion  concentra- 
tion and  varying  strength  of  salt  solutions.  The  material  also  allowed 
the  taking  of  some  observations  on  the  excretion  of  albumin  and  its 
relation  to  the  secretion  of  water  and  salts. 

MATERIAL  AND  HETRODS 

In  the  following  experiments  kidneys  of  rabbits,  under  ether  or 
chloroform  anaesthesia,  were  isolated  and  an  artificial  circulation  was 
■et  up  through  cannulas  inserted  in  the  arteries  and  veins.  The  "  urine" 
was  oolleotfld  from  cannulas  tied  in  the  ureters.  The  kidneys  in  each 
enae  were  removed  from  the  body  and  kept  moist.  The  perfusion  was 
oarried  out  by  the  method  described  by  Sollmann  (4)  and  used  by 
Iteemelin  and  Isaacs  (2)  in  the  study  of  urea  excretion.  The  perfusing 
wlutiun  consisted  of  sodium  chloride  in  distilled  water,  and  the  hydro- 
gen ion  concentrations  were  varied  by  means  of  traces  of  phosphoric 
acid,  diaodiimi  hydrogen  phosphate  or  sodium  hydroxide.  From  100 
to  200  oc.  more  or  less,  of  each  perfusing  solution  was  used  before  it 
was  replaced  by  another.  In  order  to  facilitate  the  change  of  solutions 
Hflvoral  reservoirs  were  used,  each  coimected  with  the  same  glass  tube 
and  controlled  by  pmch  clamps,  so  that  a  solution  could  be  turned  on 
or  off  and  be  replaced  by  a  new  one  without  danger  of  disturbing  the 
kidney  or  admitting  air  bubbles.  The  blood  pressure  was  kept  constant 
throughout  the  experiments.    The  perfusing  solutions  were  of  0.95  per 
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cent,  0.88  per  cent  and  0.87  per  cent  of  sodiuin  chloride.  By  means  of 
a  stream  of  air  bubbling  through  the  solution  in  the  reservoir,  the  oxy- 
gen tension  was  kept  constant.  The  hydrogen  ion  concentration  va- 
ried from  pH-6.6,  the  most  acid  used,  to  pH-8.2,  the  most  alkaline. 
The  blood  was  washed  out  of  the  vessels  with  a  salt  solution  of  pH-7.6. 

The  hydrogen  ion  concentration  of  the  artery  was  always  retested 
from  samples  taken  from  a  valve  near  the  kidney,  so  that  any  cbai^ 
in  the  reaction,  brought  about  by  contact  with  the  rubber  and  glass 
tubes  leading  from  the  reservoirs,  could  be  detected.  The  hydrogen  ion 
concentrations  were  determined  by  comparisons  of  measured  amounts 
with  solutions  of  known  strength,  using  phenolsulphonephthalein  as  the 
indicator.  The  solutions  were  collected  from  the  vein  and  ureter 
separately,  the  amounts  measured  and  the  amount  of  the  chlorides 
determined  by  Vollhard's  method.  The  details  are  given  in  the  ac- 
companying table. 

The  table  and  figures  show  the  order  in  which  the  solutions  were 
perfused,  the  hydrogen  ion  concentrations  and  the  amount  of  salt  and 
water  excreted.  It  is  to  be  noted  that  during  any  one  experiment  the 
chloride  content  of  the  artery  solution  was  constant,  and  proteins  and 
substances  in  the  colloid  state  were  absent.  The  solutions  differed  from 
one  another  in  the  presence  of  the  smallest  possible  traces  of  phosphoric 
acid,  disodium  hydrc^n  phosplmte  or  sodium  hydroxide  that  would 
Rive  the  proper  hydrogen  ion  concentration.  This  amounted  to  a  frac- 
tion of  a  milligram  in  many  cases,  amounts  too  small  to  account  for 
the  results  purely  on  a  basis  of  osmosis.  The  results  show  that  tke 
secretion  of  both  sodium  chloride  and  of  water  drops  as  the  solution  be- 
comes more  add  or  less  alkaline,  within  physiological  limits,  and  rises 
when  the  order  is  reversed.  That  this  is  true  regardless  of  the  order  of 
perfusion  is  shown  in  the  experiments  which  were  arranged  so  that 
sometimes  the  variations  were  from  acid  to  less  acid  or  alkaline,  and 
sometimes  in  the  opposite  direction. 

A  su^estive  fact  to  be  noted  from  these  experiments  is  that  when  a 
solution  at  a  given  hydrogen  ion  concentration  is  repeated,  that  is, 
after  about  100  cc.  have  been  perfused,  if  a  second  perfusion  of  like 
amount  is  tried,  the  results  are  below  normal.  This  is  confirmed  by 
other  experiments  and  probably  correlated  with  the  fact  that  certain 
albumins,  whose  presence  were  shown  by  reagents,  are  more  soluble 
.  in  the  sodium  chloride  solution  at  one  hydn^en  ion  concentration  than 
at  another,  and  leave  the  kidney  by  way  of  the  vein  or  the  ureter. 
With  the  removal  of  these  albumins  the  ability  of  the  kidney  colloids 
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to  secrete  sodiiur.  chloride  and  water  is  lessened  inasmuch  as  no  repair 
can  take  place  in  the  kidney  under  the  conditions  of  the  experiment, 
blood  being  absent.  In  experiment  B,  the  solution  pH-7.8  was  per- 
fused three  separate  times,  the  amount  of  albumin  per  cubic  centi- 
meter as  well  as  the  total  amount  of  albumin  in  the  vein  increased,  but 
that  in  the  ureter  decreased.  The  approximate  measurements  of  the 
relative  total  amount  of  albumin  present  in  each  ureter  solution  showed 
that  the  amount  of  albumin  increased  with  the  decrease  in  hydrt^n 
ion  concentration,  and  decreased  as  the  hydrogen  ion  concentration 
increased.  In  this  respect  it  followed  the  secretion  of  salt  and  water. 
This  result  does  not  at  first  appear  to  bear  out  some  clinical  correla- 
tions because  of  a  common  error  sometimes  used  in  reporting  the 
amount  of  albumin  in  the  urine,  as  well  as  the  amount  of  sodium  chlor- 
ide or  urea  in  a  specimen.  It  is  of  course  evident  that  any  quantitative 
readily  which  expresses  the  concentration  of  a  substance  gives  no  clue 
as  to  the  entire  amount  of  that  substance  present.  One  commonly 
''ces  tables  in  the  journals  giving  grams  of  urea,  sodium  chloride  or 
other  substance  per  100  cc.  of  a  fluid  and  comparisons  made  on  this 
basis.  Clinically  it  is  quite  common  to  see  the  direct  reading  of  the 
Esbach  albuminometer  on  one  occasion  compared  with  the  correspond- 
ing reading  on  another  occasion,  and  the  conclusion  of  improvement  or 
turn  for  the  worse  based  on  this.  It  is  evident  that  the  only  factors 
that  can  be  compared  are  the  total  or  relative  amounts  of  i-ubstance 
present  in  a  given  period  of  time  or  of  equivalent  function.  These  ex> 
pcriments  show  that,  dependent  upon  the  total  amount  of  w^ter  ex> 
oreted,  the  total  amount  of  albumin  lo  -t  by  the  kidn:>y  (and  therefore, 
as  the  quantitative  data  show,  corresponding  decrease  in  function),  may 
be  more  or  lcs.s  than  when  a  different  amount  is  excreted  although  the 
concentration  in  grams  per  unit  .volume  may  be  the  same.  When  these 
acts  are  taken  into  account  it  is  seen  that  when  a  small  quantity  of 
liquid  washes  out  as  much  or  more  albumin  than  a  larger  quantity  in 
a  given  time,  it  is  to  be  expected  that  the  disturbing  cause  U  more 
marked  or  widespread  in  the  first  than  in  the  second.  These  results 
during  life  would  be  modified  by  two  factors,  the  repair  of  the  kidney 
and  the  blood  as  a  source  of  albumin. 

The  relationship  of  albumin  to  water  excretion,  however,  is  not  as 
simple  as  merely  a  matter  of  mechanical  solution  and  washing  action. 
There  is  some  evidence  to  indicate  that  solutions  of  different  hydrogen 
ion  concentrations  washed  out  different  kinds  of  protein  in  different 
amounts.     The  amounts  of  protein  were  measured  in  several  ways. 
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Turbidity  of  columnfl  having  a  proportionate  relative  length  were  com- 
pared, amount  and  volume  of  precipitate  was  noted  as  well  as  total 
amount  of  reagent  necessary  to  produce  maximum  turbidity.  Various 
reagents,  as  nitric  acid,  mercuric  chloride,  picric  acid,  potassium  fer- 
rocyanide,  acetic  acid,  as  well  as  heat,  and  combinations  of  these,  gave 
different  amounts  of  protein  for  the  same  solution,  so  that  the  order  of 
concentration  varied  when  arranged  on  the  basis  of  behavior  toward 
any  given  reagent.  The  difference  was  more  than  could  be  accounted 
for  on  a  basis  of  acid  albumin  and  alkaline  albumin.  Furthermore  the 
precipitate  of  albumin  settled  to  the  bottom  of  the  comparison  tubes 
at  different  rates,  which  were  not  coordinate  with  the  order  of  concen- 
trations as  shown  by  the  precipitating  reagent.  This,  together  with 
the  microscopic  evidence,  details  of  which  are  given  below,  suggests 
that  we  are  dealii^  with  solutions  whose  composition  differed  in  kinds 
of  protein  present  as  well  as  in  amounts. 

The  precipitated  albumin  when  examined  under  the  microscope 
showed  characteristic  precipitation  patterns,  which  differed  in  com- 
plenty  and  structure.  The  microscopic  picture  resembled  very  much 
in  foim  and  staining  qualities  the  fibrillar  networks  often  seen  inside 
the  kidney  cells  and  between  them,  in  histological  sections  of  "fixed" 
kidney  tissue.  This  method  of  studying  the  meaning  and  composition 
of  some  of  the  structures  seen  in  fixed  tissue  is  now  being  followed  and 
the  s^nificance  of  these  appearances  will  be  discussed  in  a  later  paper 
(see  also  Isaacs,  (5) ). 

It  will  be  noted  that  alkaline  solutions  as  well  as  acid,  washed  out 
albumin.  As  we  often  note  that  clinically  an  alkaline  urine  may  con- 
tain albumin  just  as  well  as  an  acid  specimen,  it  is  possible  that  (he 
points  noted  on  1he  kidney  colloids  in  these  experiments  may  have 
some  relation  to  the  condition  in  some  living  kidne}^.  Thus  far,  sub- 
stances responding  to  the  testa  for  serum  albiunin,  nucleoprotein, 
mucin,  histone  and  some  globulins  have  been  identified.  The  obser- 
vations taken  so  far  are  not  extensive  enough  to  permit  the  publica- 
tion at  this  time  of  a  series  showing  the  quantitative  relation  between 
the  kind  of  albumin  and  the  hydrogen  ion  concentration.  These  dif- 
ferences suggest  that  clinically  the  kind  of  albumin  which  predominates 
in  the  mine  may  be  a  clue  to  the  nature  of  the  toxic  agent  causing  its 
excretion.  It  will  be  noted  from  the  chart  that  as  a  solution  at  a  given 
hydrogen  ion  concentration  is  repeated,  there  is  a  tendency  for  more 
albumin  to  be  washed  out  in  the  vein  and  less  in  the  ureter.  If  such  a 
condition  were  present  during  life,  one  would  expect  a  variation  in  the 
kind  and  amounts  of  albimtin  in  the  blood. 
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The  decieaae  in  the  excretion  of  sodium  chloride  and  of  water,  when 
a  solution  at  a  given  hydrogen  ion  concentration  ia  repeated,  and  the 
recovery,  as  far  as  other  solutions  are  concerned,  suggests  that  there 
may  be  a  definite  relation  between  the  kind  of  albumin  watked  out  in  the 
vreter  and  the  hydrof/en  ion  ameentration  of  the  perftmng  tolulion.  This 
is  compatible  with  the  idea  of  a  selective  adsorption  (2)  as  far  as  both 
sodium  chloride  and  proteins  are  concerned  on  a  basis  of  variation  in 
affinity  with  variations  in  hydrogen  ion  concentration.  In  similar  ex- 
periments (fig.  2)  the  secretion  of  the  repeatedly  perfused  kidney  was 
restored,  quantitatively,  to  normal  when  defibrinat:d  blood  was  added 
to  the  perfusing  solution,  the  excreted  protein  being  thus  replaced. 

The  lessened  effect  of  the  repeated  solution  amounts  in  the  end  to  a 
form  of  tolerance,  which  suggests  a  possible  mechanism  for  drug  toler- 
ance  noted  clini- 
cal^. The  selec- 
tive secretion  of 
"Bence-Jones 
protein"  de- 
scribed by  Tay- 
lor, Miller  and 
Sweet  (6)  may  be 
a  form  of  excre- 
tion 'Hfnilftr  to 
that  noted  in 
these  perfusion 
experiments.  The 
relationship  of 
increased  excre- 
tion (from  the  point  of  view  of  normal  function)  with  decrease  in 
hydrogen  ion  concentration  is  probably  limited,  as  far  as  the  kidney 
colloids  are  concerned,  to  hydrogen  ion  values  which  are  within  the 
narrow  pbysiolc^cal  limits.  In  these,  as  in  other  experiments,  an 
"acid"  concentration  as  high  as  pH-6.6  (|,tti;jH  gram  of  hydrt^en  ions 
per  liter)  proved  toxic  by  reducing  the  secretion,  whereas  the  alkaline 
pH-8.2  (ia;ja).iia)  gram  of  hydrogen  ions  per  liter)  had  a  similar  ^ect, 
although  the  alkaline  upper  limit  is  probably  higher  than  this.  The 
secretion  curve  reaches  its  highest  point  between  pH-7.2  and  pH~7.8. 

The  biological  effects  of  neutral  salts  in  reducing  the  affinity  of  acidi- 
fied hydrophilic  colloids  for  water  has  been  noted  by  Fischer.  As  it  is 
in  the  swelling  or  reduction  in  sise  that  Fischer  sees  the  mechanism  of 
adsorption  and  secretion,  it  is  then  of  interest  to  see  if  neutral  salts 


Fig.  2.    Experiment  D.    The  perfunon  of  a  IddDey  with 
Bcnim  nstoraa  th«  fuaotion  by  replwing  albumin  waibed 
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affect  the  tecreting  mechanUm  in  these  experiments.  That  there  is 
an  effect,  these  experiments  illustrate  very  well.  In  experiment  B  the 
average  of  the  hydrogen  ion  concentrations  was  pH-7.4  which  is  the 
same  as  that  in  experiment  C.  However,  in  experiment  C  100  cc.  of 
artery  solution  produced  only  1.367  cc.  of  ureter  solution  as  compared 
with  2-574  cc.  of  ureter  solution  for  the  same  amount  of  artery  solu- 
tion in  experiment  B.  In  experiment  C  the  smaller  amount  of  secre- 
tion was  correlated  with  a  higher  concentration  of  sodium  chloride  in 
the  artery  solution,  namely  0.95  per  cent  as  compared  with  0.88  per 
cent  in  experiment  B.  A  possible  explanation  of  the  lessened  secre- 
tion in  experiment  C  may  be  a  force  analogous  to  that  which  causes 
neutral  salts  to  decrease  quantitatively  the  swelling  of  colloids,  as 
taught  by  Fischer.  In  these  experiments  it  was  not  possible  to  take 
quantitative  data  to  show  whether  secretion  chaises  were  accompanied 
by  swelling  changes,  because  of  mechanical  difficulties.  That  solu- 
tion of  protein  took  place  has  been  noted,  and  it  is  known  that  in  many 
colloids  the  solution  process  runs  a  course  somewhat  parallel  to  the 
swellii^  process,  often  accompanying  it.  Certainly  the  "kidneys"  after 
the  experiments  were  completed  showed  a  typical  picture  of  "cloudy 
swelling,"  but  the  change  in  size  due  fo  the  blood  pressure  was  such 
that  minute  changes  in  the  size  of  colloids  or  their  change  back  and 
forth  from  a  precipitated  form  to  a  soluble  form  could  not  be  meas- 
ured under  the  conditions  of  the  experiments.  Furthermore,  the  proc- 
ess of  cloudy  swelling,  with  all  the  changes  that  go  with  it,  evidently 
produces  a  change  of  elasticity  in  the  kidney  so  that  the  same  blood 
pressure  will  cause  the  kidney  volume  to  increase  more  in  the  later 
stages  than  in  the  earlier  (7). 

The  concentrations  of  the  ureter  solutions  taken  in  grams  of  sodium 
chloride  per  cubic  centimeter  (see  fig.  1)  indicate  that  the  secretion  of 
sodium  chloride  is  probably  quantitatively  not  dependent  on  the  secre- 
tion of  water  as,  in  the  presence  of  a  constant  amount  in  the  artery 
solution,  the  concentrations  of  some  ureter  solutions  increased  with 
the  decrease  in  hydrogen  ion  concentration,  whereas  in  others  it  de- 
creased. In  experiment  C  there  is  a  consistent  variation  of  the  con- 
centration of  sodium  chloride  with  that  of  the  hydrogen  ions,  both 
increasing  and  decreasing  together.  This  direct  variation  held  true 
for  only  some  of  the  other  perfusions.  In  two  cases  (pH-7.4  in  experi- 
ment C  and  pH-'7.8  in  experiment  B)  the  repetition  of  a  solution  gave 
ureter  solutions  of  practically  the  same  concentration  (number  of 
grams  of  sodium  chloride  per  cubic  centimeter)  but  the  relative  amounts 
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excreted  (amount  of  sodium  chloride  per  tOO  cc.  of  artery  solution)  were 
different,  as  pointed  out  before.  If  these  results  apply  to  the  living 
kidney  one  would  not  expect  to  correlate  the  concentration  of  the 
urine  directly  with  its  acidity  or  with  the  hydrc^en  ion  concentration 
of  the  blood,  as  the  chart  cleariy  shows.  A  third  factor,  namely,  the 
colloid  most  affected  at  the  hydit^n  ion  concentration  in  question, 
evidently  must  be  taken  into  consideration. 

The  experiments  on  urea  and  on  sodium  chloride  have  shown  that  in 
the  presence  of  a  constant  concentration  of  theae  substances  in  the 
artery  solution,  the  amount  secreted  varied  and  the  variation  was 
cloeely  related  to  the  hydrogen  ion  concentration  of  the  artery  solu- 
tion. They  have  also  shown  that  although  a  chemical  analysis  may 
show  the  presence  of  a  certain  amount  of  urea  or  sodium  chloride  in  the 
blood,  yet  the  amount  available  for  secretion  may  not  be  the  same. 
Thus  although  an  artery  solution  contained  a  constant  amount  of  an 
aqueous  salt  solution,  a  variation  of  over  36  per  cent  excretion  was 
noted  in  one  experiment,  the  only  variable  factor  being  a  change  in 
hydrogen  ion  concentration  from  pH-7.2  to  pH-7.8.  While  secretion 
of  both  urea  and  sodium  chloride  increases  as  the  hydrogen  ion  concen- 
tration decreases,  this  relation  doee  not  hold  true  for  all  the  colloids 
in  the  body.  Fischer  (1)  as  stated  before,  finds  that  fibrin  will  hold 
sodium  chloride,  the  more  acid  it  is,  while  Reemelin  finds  that  this  does 
not  hold  for  fibrin  and  urea.  On  this  basis  we  can  expect  diminution  in 
the  chloride  secretion  ("salt  or  chloride  retention")  in  the  presence  of 
an  apparently  good  urea  output,  as,  of  the  blood  and  kidney  colloids, 
both  tend  to  hold  the  chlorides,  while  of  the  two,  only  the  kidney  col- 
loids tend  to  hold  the  urea.  This  condition  is  noted  clinically  in  some 
conditions  of  chloride  retention.  Wolferth  (8)  notes  that  chloride  re- 
tentioD  in  eclampsia  may  be  marked  while  the  retention  of  urea  may  be 
very  slight. 

The  reeultfi  of  experiments  on  glucose,  creatin,  creatinine,  uric  acid 
and  phenolsulphonephthalein  will  be  reported  later. 

SDUUART   AND    CONCLUSION 

1.  In  isolated  rabbit  kidneys,  perfused  with  salt  solutions  of  constant 
and  known  composition,  the  secretion  of  sodium  chloride  and  of  water 
increasee  with  the  decrease  in  hydrt^n  ion  concentration  and  de- 
creases as  the  hydrogen  ion  concentration  increases. 

2.  This  relationship  holds  true  for  hydrogen  ion  concentrations  within 
pbysiological  limits. 
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3.  pH-6.6  probably  represents  the  acid  limit  for  function  while  the 
alkaline  limit  is  pH-S.2  or  higher.  Variations  beyond  these  are  highly 
toxic  to  the  kidney  colloids  and  reduce  secretion.  The  optimum  hydro- 
gen ion  concentration  lies  between  pH-7.2  and  pH-7.8. 

4.  The  amount  of  sodium  chloride  found  in  the  blood  on  chemical 
analysis  does  not  indicate  the  amount  available  for  secretion.  The 
amount  available  varies  with  the  hydrogen  ion  concentration. 

5.  The  effect  of  neutral  salts  (sodium  chloride)  in  preventii^  the 
kidney  colloids  from  takii^  up  water  and  salt  and  secreting  it  can  be 
shown  quantitatively  by  varying  the  strength  of  the  perfusing  solution. 

6.  That  the  kidney  colloids  can  be  the  source  of  albmnin  in  the  urine 
is  shown  by  the  fact  that  an  artificial  albuminuria,  responding  to  the 
clinical  tests,  can  be  produced  even  though  the  artery  solution  con- 
tains no  protein. 

7.  The  amount  of  albumin  washed  out  varies  with  the  hydrogen  ion 
concentration  and  follows  the  secretion  of  salt  and  wbter  in  which, 
under  the  conditions  of  the  experiment,  it  becomes  soluble. 

8.  There  is  evidence  that  some  of  the  kidney  proteins  are  more  solu- 
ble in  solutions  of  one  hydrogen  ion  concentration  than  in  another. 
This  may  account  for  the  variations  in  kind  of  "albumin"  found  clin- 
ically in  urine  analyses,  as  well  as  the  selective  secretion  of  proteins. 
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The  genesis  of  the  pains  of  gastric  and  duodenal  ulcers  is  not  yet 
Batisfactorily  demonstrated.  The  view  that  the  paint  are  due  to  acid 
irritaiion  qf  hyperexcitMe  nerve  endings  or  exposed  nerve  fibers  in  the 
vJeer  area  has  probably  the  ^«atest  Dumber  of  adherents  at  present. 
The  essential  facts  in  support  of  this  view  are:  I.  Analogy.  Acid  ir- 
ritation of  abraded  areas  of  the  skin,  mouth  or  nose  epithelium,  etc. 
produces  pain.  2.  The  frequent  occurrence  of  so-called  gastric  bjrper- 
acidity  in  gastric  and  duodenal  ulcere.  3.  The  temporary  alleviation 
of  the  ulcer  pain  by  food  and  alkalies. 

The  following  facts  appear  to  run  counter  to,  or  are  at  least  not 
readily  explained  by  this  acid  corrosion  theory: 

1.  Gastric  ulcer  with  or  without  clinical  hyperacidity'  may  be  present 
without  pain. 

2.  Gastric  ulcer  and  ulcer  pain  may  be  associated  with  normal 
acidity,  and  even  with  hypoacidity. 

3.  The  pains  of  gastric  ulcer  may  be  present  and  be  temporarily 
reUeved  by  food  or  alkalies,  even  though  the  stomach  contents  are 
alkaline  (1). 

4.  Introducing  acids  (0.5  per  cent  HCl)  into  the  stomach  does  not, 
or  at  least  not  invariably,  induce  or  augment  the  ulcer  pains  in  gastric 
ulcer  patients  (7). 

>  While  there  is  no  evidence  that  Alens  St.  Martin  at  any  time  had  acute  or 
chronic  uleer  of  the  Btomach  or  duodenuin,  BeAiimont  on  several  occasions  ob< 
•erved  raw  patches  on  the  gastric  mucosa  from  which  blood  or  pus  exuded.  Id 
moat  inatances  this  condition  of  the  mucosa  did  not  cause  pain  or  discomfort, 
even  thougli  the  abrasions  of  the  mucosa  persisted  for  several  days.  Beaumont 
remarks  (p.  240) :  "  It  is  interesting  to  observe  to  what  extent  the  stomach  may 
become  dieeaaed  without  manifesting  any  external  symptoms  of  auch  disease." 
81 
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5.  The  ulcer  pains  usually  show  a  periodicity  (being  described  as 
"gnawing"  or  "boring"),  and  the  periods  are  too  short  to  be  explained 
by  variationg  in  the  gastric  acidity. 

The  other  leading  view  ascribes  the  ulcer  pains  to  coHlradions  of  the 
stomach,  the  pylorus  and  possibly  the  upper  end  of  the  duodenum,  the  ex- 
cessively painful  character  of  these  contractions  in  uloer  cases  being  due 
either  to  hyperexcitabilily  of  the  gastric  pain  nerves  or  to  aimormaiiy  strong 
contractions.  This  theory  has  been  fortified  by  clioical  observation 
and  experimental  data  especially  by  Hertz  (7),  and  striking  confirmatory 
findii^  on  ulcer  patients  have  recently  been  reported  by  Ginsburg, 
Tumpowsky  and  Hambui^er  (5).  The  following  facts  appear  to  sup- 
port this  theory: 

1.  Strong  contractions  or  a  certain  type  of  contractions  of  the  Bt<Hn- 
ach  and  intestines  give  rise  to  varying  degrees  of  pain  in  the  absence 
of  ulcer  {"hunger  pangs,"  "coUc,"  tenesmus,  various  forms  of  gastral- 
gia,  etc.), 

2.  Pain  nerves  appear  to  be  absent  from  the  gastric  mucosa  (4). 

3.  The  evident  synchrony  of  the  ulcer  pains  with  gastric  and  possibly 
pyloric  contractions,  so  far  as  this  phase  has  been  studied  by  the  bal- 
loon and  X-ray  methods  (4),  (5),  (7),  (13),  (14). 

4.  The  frequent  association  of  typical  gastric  ulcer  pains  with  ap- 
pendicitis, cholecystitis  and  even  achylia  gastrica,  (6)  not  complicated 
with  gastric  ulcer. 

5.  The  similarity  of  the  moderate  ulcer  pains  as  regards  periodic 
exacerbation  with  the  strong  hunger  pangs  of  normal  persons,  a  simi- 
larity that  lead  Moynihan  and  others  to  designate  the  pains  of  gastric 
and  duodenal  ulcers  as  "hunger  pains." 

But  while  the  gradually  accumulating  reliable  data  thus  point  to 
gastrointestinal  contractions  as  the  immediate  cause  of  the  ulcer  pains, 
we  do  not  know:  (1)  what  part  of  the  digestive  tract  (stomach,  pylorus 
or  duodenum)  is  primarily  concerned;  (2)  whether  the  site  of  the  pain- 
ful contraction  varies  with  the  location  of  the  ulcer;  (3)  or  what  is  the 
relation  of  gastric  acidity  to  the  initiation  of  the  contractions.  The 
observations  here  reported  were  undertaken  in  the  hope  of  securing 
clearer  knowledge  of  these  factors. 

Mr.  G.  H.  M.,  age  25,  the  subject  in  these  studies,  was  at  the  time 
a  medical  student  in  our  laboratory.  Six  months  before  coming  under 
our  observation  he  sufiFered  an  acute  attack  with  all  the  typical  symp- 
toms of  "peptic  ulcer,"  including  hematemesis.  After  several  weeks  in 
a  hospital  on  medical  treatment  and  an  ulcer  diet,  he  recovered  suf- 
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ticiently  to  resume  his  medical  studies.'  But  despite  the  improvement 
the  ulcer  had  evi<lently  not  healed,  as  he  suffered  perio<lic  exacerba- 
tions of  the  ulcer  syndrome,  even  though  he  continued  the  ulcer  diet 
fairly  consistently.  These  attacks  usually  lasted  from  three  to  six 
days  and  came  at  irregular  intervals,  a  few  days  to  several  weeks  apart. 
Dietary  indiscretions  or  excessive  mental  work  appeared  to  induce  or 
aggravate  these  attacks. 

During  the  three  months  of  these  observatioiu)  Mr.  M.  experienced 
two  of  these  relapses,  one  of  them  being  very  severe.  Between  these 
attacks  his  gastric  motility  and  gastric  sensations  were  those  of  a 
normal  person. 

1.  When  the  gastric  hunger  pains  are  of  moderate  neverity  there  is 
practtcally  complete  synchrony  of  the  appearance,  intensity  and  duration 
of  the  ulcer  pains  and  the  stomach  amtracii<ms  (fig.  1);  and  these  contrac- 
tions are  not  utrmiger  or  more  prolonged  than  the  stomach  contractions  felt 
as  ordinary  hunger  pangs  on  days  when  the  subject  has  no  ulcer  symptoms. 

That  the  gojitric  contractions  give  rise  to  the  ulcer  pains,  and  not 
vice  oersa,  is  shown  by  the  fact  that  the  pains  are  not  felt  until  the  con- 
tractions are  well  developed,  or  frequently  not  until  the  fundic  part  of 
the  stomach  has  begun  to  relax  or  is  completely  relaxed.  That  is  to 
say,  the  gastric  contractions  precede  the  ulcer  sensation,  just  as  they  pre- 
cede the  hunger  pang.  The  reader  will  recall  that  in  our  graphic  method 
of  recording  the  gastric  contractions  the  balloon  is  lodged  in  the  fun- 
dus and  body  of  the  stomach.  And  since  the  ulcer  or  hunger  contrac- 
tion sweeps  over  the  entire  stomach  as  groups  of  peristaltic  waves  be- 
ginning at  the  cardia  (10),  it  is  evident  that  when  the  fundus  starts  to 
relax  the  pyloric  end  of  the  stomach  will  be  strongly  contracted.  The 
fact  that  Mr.  M.  in  most  cases  did  not  begin  to  feel  the  ulcer  pains 
until  the  contractions  involved  the  pyloric  end  may  indicate  that  it  is 
mainly  this  rt^on  of  the  stomach,  together  with  the  pylorus,  that  gives 
rise  to  the  ulcer  pains  by  contraction.  If  this  is  a  fact  it  would  help  to 
explain  the  frequent  absence  of  ulcer  symptoms  when  the  ulcer  is 
located  at  the  fundic  and  cardiac  r^ons. 

t.  The  uker  pains  are  feU  both  on  the  empty  and  the  filled  stomach. 

'February  'X  lo  March  18.  1917,  the  Nebraska  Melhoditit  Hospital.  Omaha. 
At  that  time  Mr.  M.'b  stomach  content  and  feces  showed  occult  blood.  Tlie 
x-ray  examinations  revealed  gastric  hyperperistalsis  and  rapid  emptying.  The 
RoeutgenoloitiBt ,  Dr.  C.  R.  Kennedy,  made  the  diaKnosis  of  duodenal  ulcer. 
The  internist  in  charge  of  the  patient.  Dr.  E.  L.  Bridges,  made  the  diagnosis 
of  "peptic  ulcer,"  the  exact  location  of  the  ulcer  being  uncerrain. 
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The  vlcer  pains  of  moderate  aeverity  felt  an  the  pardy  fUled  aUmiaeh  are 
amaed  by  a  gastric  tonus  rhythm  apparently  idenlieal  with  that  seen  in  the 
normal  digestion  peristalsis  (fig.  2). 

The  degree  of  touiiB  rhythm  of  the  partly  filled  stomach  felt  as  ulcer 
pains  by  Mr.  M.  gave  rise  to  no  sensations  at  all  during  the  time  of 
well-being  between  the  two  periods  of  attack.  This  is  typically  nor- 
mal. We  have  studied  the  gastric  fundus  rhythm  of  normal  digestion 
peristalsis  in  ourselves  and  a  number  of  other  normal  persons.  These 
contractions  produce  no  effects  on  consciousness,  except  toward  the 
very  end  of  gastric  digestion  when  they  gradually  develop  into  hunger 
pangs. 

The  reader  will  note  in  figure  2  that  the  ulcer  pains,  as  a  rule,  are  felt 
toward  or  at  the  end  of  each  tonus  contraction,  a  fact  which  again 
points  to  the  antrum  and  the  pylorus  as  the  main  factors  in  the  genesis 
of  the  ulcer  pains,  at  least  in  Mr.  M.  But  it  should  not  be  forgotten 
that  the  relatively  feeble  or  normal  digestion  contractions  of  the  fundus 
may  be  no  index  of  the  intensity  of  the  antrum  and  pylorus  contractions. 

S.  Gastric  acidiiy  bears  no  direct  relation  to  the  onset  or  the  severity  qf 
the  gastric  ulcer  pains  (figs.  3  and  4).  This  appears  to  be  conclusively 
established  by  the  following  facts: 

1.  On  certain  days  of  the  two  periods  of  relapse  Mr.  M.  was  dis- 
turbed by  ulcer  pains  only  at  certain  times  of  the  day.  On  recording 
the  gastric  acidity  and  motility  it  was  always  found  that  when  he  was 
free  from  tfae  ulcer  pains  the  stomach  was  relatively  atonic  and  quies- 
cent; when  the  ulcer  pains  were  present  gastric  contractions  were  also 
present  (fig.  3).  The  acidity  of  the  gastric  content  remained  the  same, 
or  it  might  be  either  lower  or  higher  during  the  pain  period. 

2.  The  same  fact  is  brought  out  by  comparing  the  gastric  acidity  on 
days  free  from  ulcer  paina  with  that  on  days  of  marked  pain  (fig.  4). 
Thus  on  the  morning  of  July  28  (no  breakfast)  the  stomach  content 
was  90  cc.  with  an  acidity  of  0.20  per  cent  free  and  0,20  per  cent  totid. 
The  balloon  showed  the  stomach  quiescent  and  Mr,  M.  felt  no  gastric 
distress.  On  the  morning  of  July  31  (no  breakfast)  the  gastric  content 
was  85  cc.,  free  acidity  0.20  per  cent,  total  0.27  per  cent.  The  stomach 
showed  vigorous  contractions  and  Mr.  M.  felt  the  ulcer  pains  as 
very  severe. 

3.  On  August  8  Mr.  M.  had  breakfast  of  oatmeal  and  cream  at  8a.m. 
Tfae  ulcer  pains  appeared  about  9  a,m.  and  continued  all  morning. 
At  12  o'clock  noon  the  stomach  contents  were  120  cc.  of  chyme  with  an 
acidity  oi  0.34  per  cent  free  and  0.43  per  cent  total.    At  1  p.m.  he  ate 
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two  soft  l>oiled  eggs,  one  slice  of  toast  and  a  glass  of  milk.  The  ulcer 
paias  appeared  at  2  o'clock  and  continued  throughout  the  afternoon. 
At  5  p.ni,  150  cc.  of  chyme  were  taken  out  of  the  Rtomach,  having  an 
acidity  of  0.33  per  cent  free  and  0.47  per  cent  total.  On  this  day  Mr. 
M.  evidently  showed  cHnical  hyperacidity  with  some  gastric  retention. 


Fig.  3.  G.  H.M.  July  24, 1917.  Record  of  the  atomachcoDtrActioaa  by  meaDS 
of  the  balloon  method.  No  breakfast.  Stomach  coatente  at  9  a.m.,  95  cc.+ 
trace  of  bile,  no  food  remnants;  free  acidity  =  0.20  per  cent;  total  acidity  - 
0.28  per  cent.  Tracing  A  taken  9.30  a.m.  Stomach  atonic  and  quiescent.  Mr. 
M.  felt  no  ulcer  pains.  The  acidity  of  the  stomach  contents  was:  free  —  0.20 
per  cent;  total  =  0.27  per  cent.  Tracing  B  taken  at  11.30  a.m.  The  time  when 
the  ulcer  [lains  are  felt  is  indicated  by  X.  The  acidity  of  the  stomach  contents 
was:  free  •  0.18  per  cent,  total  ^  D.2G  per  cent.  These  tracings  show  that  the 
ulcer  pains  arc  correlated  with  gastric  motility,  not  with  gastric  acidity. 

But  contract  this  record  with  the  observations  on  August  14.  On  the 
evening  of  August  13  Mr.  M.  had  dinner  (two  soft  boiled  eggs,  two 
slices  of  toast  and  a  glass  of  milk)  at  6  p.m.  The  ulcer  pains  appeared 
at  7.30  p.m.  They  were  relieved  for  a  time  by  taking  a  glass  of  water. 
At  9  p.m.  the  pains  were  eased  for  thirty  minutes  by  taking  soda;  at 
11.30  the  pains  were  relieved  by  taking  two  glasses  of  milk.     At  2  a.m. 
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the  ulcer  painA  woke  him  tip  from  hia  sleep  and  he  took  2  gm.goda  with- 
out relief.  At  2.30  he  took  two  glasses  of  milk,  the  pains  eased  up,  but 
he  woke  up  at  5  a.m.  with  severe  pains.  Temporary  relief  obtained 
from  two  glasses  of  water.  More  water  was  taken  at  7  a.m.  No  break- 
fast. At  8  a.m,  the  stomach  content  was  120  cc,  +  trace  of  bile  with  an 
acidity  of  0.04  per  cent  free  and  0.10  per  cent  total.  A  glass  of  water 
was  taken  at  10  a.m.,  the  ulcer  piiins  persisted  throughout  the  mom- 
ing.  At  1.30  p.m.  the  stomach  content  was  65  cc.  +  bile  and  mucus 
with  an  acidity  of  0.03  per  cent  free  and  0.07  per  cent  total.  There  was 
no  remission  in  the  ulcer  pains.  Mr.  M.  stated  that  so  far  as  he  could 
moke  comparisons  the  ulcer  pains  on  August  14  (stomach  empty  and 
actual  hypoacidity)  were  just  as  severe  as  on  August  8  (gastric  food 
retention  and  chnical  hyperacidity), 

4-  There  is  some  evidence  that  the  contractions  of  the  pylorus  and  the 
upper  part  of  the  duodenum  may  in  certain  cases  contribute  to  the  ulcer 
pains. 

In  tracing  B,  figure  4,  the  reader  will  note  that  Mr.  M.  records  the 
feeling  of  ulcer  pains,  x,  in  some  cases  when  there  is  no  evidence  of 
contractions  in  (he  stomach  itself.  What  is  the  cause  of  these  pains? 
We  believe  they  are  due  to  contractions  of  the  pylorus  and  the  upper 
end  of  the  duodenum,  on  the  following  grounds: 

1.  Observations  by  Dr.  A.  B.  Luckhardt  in  collaboration  with  the 
author  have  brought  out  a  new  fact  in  the  control  of  the  pylorus,  namely, 
a  correlation  of  the  opening  of  the  pyloric  sphincter  and  the  tonus 
rhythm  of  the  stomach.  In  normal  men  and  dogs  the  pyloric  sphincter 
opens  not  with  each  peristaltic  wave  but  at  the  end  or  at  the  height  of  each 
tonus  contraction  of  the  stomach.  We  do  not  yet  know  to  what  extent 
this  normal  mechanism  is  modified  by  gastrointestinal  disorders  or  by 
experimental  changes  of  gastric  acidity.  It  is  evident,  however,  that 
the  mechanism  fails  to  work  regularly  in  easff  of  pyloric  spa.sm.i.  But 
pyloric  spasms  are  not  an  invariable  conconiit:mt  of  ga.stric  and  <luo<le- 
nal  ulcer, 

2.  Again,  referring  to  tracing  B,  figure  4,  we  call  attention  to  the 
fact  that  in  many  cases  at  least  the  moderately  severe  ulcer  pains  are 
felt  toward  the  end  or  at  the  very  end  of  a  gastrolonic  contraction,  that 
is,  at  the  time  of  the  opening  of  the  pylorus  and  its  immediate  closure 
by  the  acid  reflex  from  the  duodenum. 

3.  It  is  a  fact  well  known  to  physiologists  that  acids  or  chyme  with 
an  acidity  of  0.3  per  cent  to  0.5  per  cent  acting  in  the  upper  end  of  the 
duodenum  induce  not  only  a  reflex  closure  of  the  pylorus  but  a  strong 
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tonic  or  tetanic  conttaction  of  this  part  of  the  duodenum  itself.  This 
is  at  least  true  of  dogs  under  light  ether  anesthesia.  The  higher  the 
acidity  the  stronger  and  the  more  prolonged  both  the  pyloric  closure 
and  the  duodenal  spasm  (8).  It  is  reasonable  to  infer  that  weaker 
acids,  0.1  to  0.2  per  cent,  will  induce  these  strong  contractions  in  cases 
where  the  duodenal  and  pyloric  nervous  mechanism  is  rendered  hyper- 
CKcitable  by  ulcer  or  other  pathological  states. 

4.  Pyloric  hypertonicity  and  spasms  in  infants  may  or  may  not  be 
painful,  but  internists  are  generally  agreed  that  in  adults  pyloric  spasms 
are  painful  in  proportion  to  their  intensity  and  duration.  And  if  the 
sensory  nerves  of  the  pylorus  are  hyperexcitable,  the  ordinary  pyloric 
tonus  and  contractions  may  be  felt  as  pain,  just  as  is  the  case  with  the 
normal  digestion  peristalsis  of  the  stomach  in  gastric  ulcer. 

DISCUSSION 

All  the  evidence  thus  points  to  the  fact  that  the  pains  of  gastric  uid 
duodenal  ulcere  are  contraction  pains  arising  either  in  the  stomach  or 
in  the  pylorus  and  upper  part  of  the  duodenum.  In  the  case  of  the 
stomach  the  contractions  are  usually  not  etrooger  than  those  of  nor- 
mal digestion  peristalsis  of  the  filled  or  the  hunger  tonus  rhythm  of  the 
empty  stomach.  This  points  clearly  to  a  condition  of  hyperexcita- 
bility  of  the  gastric  pain  nerves  in  the  ulcer  patients  experiencing  the 
typical  ulcer  pains. 

Since  the  ulcer  pains  are  due  to  tension  of  excessive  contractions  or 
of  normal  contractions  on  hyperexcitable  pain  nerves,  it  is  evident  that 
pathological  states  other  than  ulcer,  inducing  such  hyperexcitability  or 
hypermotility,  will  cause  symptoms  of  gastric  ulcer  pains  practically 
identical  with  those  of  ulcer,  as  appears  to  be  the  case  ia  many  instancee 
of  appendicitis,  cholecystitis  and  achylia. 

The  contraction  origin  of  the  ulcer  pains  also  serves  to  explain  the 
frequent,  if  not  usual,  lack  of  paraUelism  between  ulcer  pains  and  gas- 
tric acidity.  Within  certain  limits  the  motility  of  the  stomach  is 
independent  of  the  chemical  reaction  of  the  stomach  contents  (3).  The 
influence  of  the  chemical  reaction  of  the  gastric  content  on  the  pylorus 
is  more  complicated  (2,  3,  10,  12),  but  high  acidity  will  intensify  ajid 
prolong  the  duodenal  reflex  contraction  of  the  pylorus  as  well  as  induce 
'  strong  contractions  in  the  duodenum  iteelf.  Clinical  hyperacidity 
may  in  that  way  indirectly  aggravate  the  ulcer  pains  from  the  contrac- 
tion of  these  parts  of  the  alimentary  canal,  and  any  measure  (protein 
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food,  WAter  or  alkalies)  that  tempocarily  lowena  gastric  «eidity  'Will 
temporarily  ease  these  pains,  provided  there  is  sufficient  rekoatioa  of 
pylorus  to  allow  the  weakenecl.gaBtrio  content  to  reach  theduodflwitni. 

When  the  ulcer  pains  are  due  to  the :  tonus  and  contraoti(«a  of  tfee 
body  of  the  st<Hnach,  any  measure  which  inhibits  or  decreases  the:gas- 
tric  tonus  (ingestion  of  food,  water,  ^kalies,'Or  acids,  pasauig  of  the 
stomach  tube,  etc.)  will  temporarily  ease  the^  pains,  iire^jeetive  oftite 
chemical  reaction  of  tiie  stomach  content. 

While  it  is  true  that  in  the  gastric  ulcer  patients,  -soifar  carefully 
studied  by  the  balloon,  method,  the  stomach  oentrafitionB  ouisiiig  the 
pains  have  not  been  stroi^r  than  those  of  healthy  persons,  thete,  may 
be  oases  of  ulcer  pains  actually  due  to  excessive  oontraetions^  espeoially 
in  the  case  of  the  pylorus.  The  continuous  efRgastric .  pain  at  times 
present  in  ulcer  is  probably  due  to  persistent  hypertonus  of  the  stom- 
ach or  the  pylorus,  and  the  more  severe  pains  that  cause  the  patient  to 
double  up  are  probably  due  to  pyloric  spasm. 

The  contraction  origin  of  the  uker  pains  also  helps. tOiaoooimt  for 
the  many  cases  of  gastric  ulcer  not  accompanied  by  pain.  The- variable 
factors  are  t^e  gastric,  pyloric  and  duodenal  omitractioiLS,  t4ie  pro&Biity 
of  the  ulcer  to  the  main  bra£  ches  of  tJte  vagi ,  the  extent  of  ii^ammatiwi 
and  edema  in  the  ulcer  area,  tad  the  degree  of  ioheraQt' stability  of 
the  autonomic  nervous  system  of  the  individual.  It. is  obvious  tbat 
furt^ter  advance  of  our  knowledge-  in  this-  difficult  field  requires  a. com- 
bination of  the  balloon  and  the  Suoroscope  method  of  objective  reps- 
tration  parallel  with  careful  intfospeeUeii  on  the  part  of  the  intelligent 
patient. 

These  newer  aspects  of  the  ulcer. pains  also  serve, to  eopbaeiw'the 
fact  tMt  elimination  of  t^e  ulcer  p^na  is  no  criterion  of  heaJiag'  of  tbe 
ulcer.  This  criterion-  satisfies,  ooly  tbe  ^erant  patient  and  tJtie .  aai«< 
less  clinician. 
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It  has  been  shown  by  a  number  of  observers  that  the  rate  of  blood  flow 
through  the  adrenal  glands  is  exceptionally  great.  Accordli^  to  Neu- 
man  (1),  it  amounts  in  cats  to  6  to  7  cc,  of  blood  per  minute  per  gram  of 
organ,  with  a  blood  preBSure  of  130  mm.  of  mercury,  a  greater  flow  than 
that  through  any  other  organ. 

Stewart  and  Rogo£F  (2)  have  published  results  on  the  rate  of  flUing 
of  a  cava  pocket  from  the  adrenal  veins  in  cats,  from  which  the  rate  of 
flow  through  the  glands  with  unopened  blood  vessels  and  in  the  ab- 
sence of  hemorrhage  can  be  calculated.  For  example,  in  five  successive 
observations  while  the  circulation  was  fairly  good,  the  blood  flows 
were  2.8  cc,  2.6  cc,  2.2  cc,  2.3  cc,  2.5  cc  per  gram  of  gland  per  min- 
ute. As  the  mesenteric  and  coeliac  arteries  were  not  tied  and  the  ar- 
terial blood  pressure  was  rather  low  in  this  experiment  (38  to  42  mm. 
of  mercury  during  the  observations  quoted),  these  rates  of  flow  are 
doubtless  below  the  average  with  blood  pressures  more  nearly  approach- 
ing the  normal. 

In  other  papers  (3),  we  have  published  numerous  observations  in 
which  the  blood  flow  through  the  adrenals  was  estimated  by  collecting 
the  blood  through  a  cannula.  In  the  great  majority  of  these  experi- 
ments the  coeliac,  mesenteric  and  renal  arteries  and  the  abdominal 
aorta  were  tied.  Therefore  the  arterial  pressure  at  the  commencement 
of  collection  of  the  blood  was  generally  high. 

In  twenty-three  cats  the  blood  flows  in  grams  per  minute  per  gram 
of  gland  were:  3.3,  4;2,  6.4,  11.3,  5.0,  7.0,  5.6,  4.5,  3.0,  1.4,  2.7,  3.2', 
7.9*,  6.0',  4.5',  4.2,  9,1',  4.9',  6.6',  2.0',  2.5»,  3.1,  6.0.  Average,  5.0 
grams. 

The  numbers  marked  with  an  asterisk  are  from  animals  in  which  only 
one  adrenal  remained,  the  other  having  been  extirpated  some  weeks 
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previously.  The  average  of  these  results  shows  practically  the  same 
flow  as  the  average  of  the  whole.  In  all  the  experiments  several  sam- 
ples of  blood  were  collected  through  the  cannula.  The  rate  of  blood 
How  is  usually  calculated  for  the  second  sample,  the  Srst  being  rejected 
if  much  higher  than  the  others  because  of  the  possibiUty  of  some  blood 
being  included  in  the  cava  pocket  at  the  time  it  was  clipped  off,  which 
would  of  course  increase  the  apparent  ra^  of  outflow  in  the  first  sample. 
The  results  may  accordmgly  be  considered  as  certainly  not  too  high 
for  the  given  experimental  conditions  (ligation  of  alternative  arterial 
paths,  relatively  high  arterial  pressure  and  almost  zero  pressure  in  the 
vein). 

Burton-Opitz  and  Edwards  (4),  working  with  a  stromuhr,  obtained  in 
dogs  an  average  blood  flow  of  4.9  grams  per  gram  of  gland.  This,  as 
they  point  out,  is  very  much  more  than  the  flow  through  any  other 
organ  with  the  possible  exception  of  the  thyroid.  In  connection  wHh 
the  figures  given  in  the  literature  for  the  thyroid,  it  may  be  remarked 
that  although  there  is  no  doubt  that  the  blood  flow  through  the  nor- 
mal thyroid  is  large  in  comparison  with  that  of  most  organs,  some  of 
the  experiments  were  probably  performed  on  hyperplastic  glands. 

From  the  relatively  great  quantity  of  blood  passJi^  through  the 
adrenals,  it  might  be  expected  that  the  blood  of  the  adrenal  veins  would 
differ  less  from  arterial  blood  than  ordinary  venous  blood  does.  It 
would  hardly  be  credible,  for  instance,  that  the  percentage  loss  of  oxy- 
gen by  the  arterial  blood  in  the  adrenals  should  be  as  great  as  in  the 
generality  of  tissues.  It  might,  therefore,  be  looked  for  that  adrenal 
vein  blood  should  be  richer  in  oxyhemoglobin  than  ordinary  venous 
blood  obtained,  say,  from  the  jugular  vein. 

If  5  grams  of  blood  pass  through  a  gram  of  adrenal  in  a  minute, 
and  the  oxygen  consumption  of  the  gland  is  taken  as  0.05  cc.  (Neuman 
gives  0.045  cc.)  per  gram  of  organ  per  minute,  the  blood  issuing  from 
the  adrenal  veins  would  contain  only  1  cc.  of  oxygen  per  100  cc.  of 
blood  less  than  the  arterial  blood.  In  order  that  the  difference  should 
t)ecome  as  great  as  in  ordinary  mixed  venous  blood,  say  8  volumes  of 
oxygen  per  cent,  the  consumption  of  oxygen  would  have  to  rise  to  0.4 
cc.  per  gram  of  adrenal  substance  per  minute.  This  would  be  five  times 
as  great  as  the  oxygen  consumption  given  by  Barcroft  for  striated  muscle 
during  maximal  activity.  Yet  a  recent  writer  (5)  thinks  it  worth  while 
to  demonatrate  that  the  oxyhemoglobin  bands  in  a  dilution  of  adrenal 
vein  blood  are  stronger  than  the  oxyhemoglobin  bands  in  jugular  vein 
blood  from  the  same  animal,  diluted  to  the  same  d^;ree  with  oxygen- 
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free  saline  solutions,  and  to  seek  for  an  explanation  of  this  fact  in  BCHiie 
action  exerted  by  adrenalin  in  "augmenting  the  ox^en-absorbing  ca- 
pacity of  hemoglobin." 

The  facte  that  adrenal  vein  blood  often ' '  develops  an  arterial  appeat^ 
ance"  in  the  vein  when  the  latter  is  clamped  at  its  outlet  into  the  vena 
cava,  and  that  on  dilution  with  salt  solution  it  becomes  red  sooner 
than  ordinary  venous  blood  are  easily  understood  as  soon  as  it  is  recc^- 
nized  that  adrenal  vein  blood  is  nearer  to  arterial  blood  than  ordinary 
venous  blood.  There  is  no  evidence  and  no  likelihood  that  adrenalin 
has  anything  to  do  with  the  matter  at  all. 

"  The  observation  that  the  addition  of  adrenalin  to  the  perfusion  fluid 
favorably  affects  the  oxygen  intake  of  the  heart  in  perfusion  experi- 
ments" ought  not,  I  think,  to  su^^^t  "that  the  base  may  play  a 
similar  rflle  in  relation  to  the  oxygen-absorption  of  hemoglobin  in  the 
adrenal  vein."  For  anythii^  which  strengthens  the  action  of  the 
heart  may  be  expected  to  increase  its  oxygen  consumption. 

Again,  it  is  known  that  the  H-ion  concentration  of  ordinary  venous 
blood  is  somewhat  greater  than  that  of  arterial  blood.  It  mi^  be 
expected  from  the  great  blood  flow  through  the  adrenal  gland  that  the 
adrenal  vein  blood  would  be  somewhat  more  alkaline  than  ordhmry 
venous  blood  since  it  is  nearer  to  arterial  blood,  and  in  particular  cannot 
be  supposed  to  have  acquired  as  much  carbon  dioxide  in  its  passage 
through  the  glands  as  mixed  venous  blood.  The  realization  of  this 
would  probably  have  modified  the  statement  in  another  paper  (6)' 
that  "the  increased  alkalinity  (in  the  adrenal  vein  blood)  is  due  to  the 
dissolved  adrenalin  which  it  contains." 

It  is  not  easy  to  gather  in  what  way  these  writers  suppose  that  the 
change  in  the  reaction  of  the  adrenal  vein  bkwd  is  produced  by  the 
adrenalin  in  it.  It  is  scarcely  necessary  to  point  out  that  it  is  highly 
improbable  that  the  mere  addition  of  the  base  adrenalin  in  the  concen- 
tration of  a  jod!(Joo  molecular  solution  (which  wonld  correspond  to  a 
normal  concentration  of  adrenalin  in  adrenal  vein  blood)  to  a  liquid 
with  the  buffer  properties  of  blood  could  produce  an  effect  on  the 
H-ion  concentration  measurable  by  the  gas-chain  method. 

■  The  paper  referred  to,  although  headed  "From  theCuahingLaborfttoryfor 
ExperimentBl  Medicine,  Western  Reserre  University,"  was  not  seen  by  mo  until 
recently.    The  work  was  not  done  under  my  direction. 
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In  previous  communications  in  this  journal  we  have  attempted  to 
show  some  of  the  physiological  actions  of  certain  endocrine  glands.  For 
this  purpose  We  employed  alkaline  saline  extracts  (1)  of  the  pituitary, 
thyroid,  parathyroid,  thymus,  pancreas,  spleen,  adrenal,  liver  and  ovary. 
Such  an  extract  of  an  organ  contains  several  different  materials,  each 
of  which  has  been  tested  and  compared  to  ascertain,  if  possible,  which 
portion  of  the  extract  is  most  active.  In  our  experiments,  the  fresh  ex- 
tract, made  with  normal  salt  solution,  after  straining  through  gauze  and 
filter  paper,  has  first  been  treated  at  room  temperature  with  10  per  cent 
acetic  acid  to  remove  the  nucleoproteins.  After  their  separation  the 
clear  filtrate  has  been  boiled,  filtered  and  made  slightly  alkaline  with 
sodium  hydroxide;  then  boiled  and  filtered  again.  More  or  tees  hy- 
drolysis must  therefore  occur.  The  final  filtrate  represents  the  non- 
Goagulable  part  of  the  originat  extract  and  for  convenience  has  been  des- 
ignated as  the  "residue"  of  that  organ. 

The  coagulable  portion  of  an  organ  extract  contains,  of  course,  simple 
proteins  such  as  nucleoproteins,  and  derived  proteins  such  as  acid  and 
alkali  albumins,  and  coagulated  proteins.  Of  these  we  have  tested  the 
nucleoproteins  and  acid  and  alkali  albumins,  and  found  them  to  be  prao- 
ticalty  inert  except  in  the  case  of  the  pancreas  and  adrenal  (2).  Th« 
nucleoproteins  as  well  as  the  "residue"  of  the  pancreas  and  adrenal 
^nds,  show  considerable  influ^tce  upon  gastric  activity,  and  in  thii 
97 
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respect  are  exceptional.  But  the  non-coagulabie  portion  of  an  alkaline 
saline  extract  of  every  organ,  ou  the  other  hand,  (its  "residue,"  as  we 
have  designated  it),  is  uniformly  active  in  that  it  produces  certain  im- 
mediate and  characteristic  effects.  That  is,  the  intravenous  injection 
of  each  "residue, "  when  the  dose  is  standardized  by  its  nitrogen  content, 
is  followed  by  a  quite  characteristic  fall  in  blood  pressure  (3).  The 
"readue"  of  the  adrenal  gland  alone  causes  a  rise  in  blood  pressure. 
Each  "residue,"  including  those  from  the  pituitary  and  adrenal  glands, 
produces  a  more  or  less  characteristic  effect  upon  the  contractions  of 
the  unatriated  muscle  fibre  of  some  portion  of  the  intestinal  tract  (4). 
When  the  "residue"  stimulates  the  contractions,  the  addition  of  the 
commercial  1 :1000  solution  of  adrenalin  produces  an  immediate  relaxa- 
tion. Some  "residues"  increase  the  flow  of  pancreatic  secretion,  while 
the  adrenal  "residue"  like  adrenalin,  checks  it  (5).  Othere,  especially 
the  thjToid  "residue,"  stimulate  the  amount  and  acidity  of  the  gastric 
secretion.  The  "residue"  of  the  pituitary,  as  well  as  of  the  adrenal 
gland,  inhibits  gastric  activity  (2). 

Having  previously  demonstrated  the  effect  upon  unstriated  muscle 
fibre  of  the  intestinal  tract,  of  the  "residue"  of  the  endocrine  glands,  it 
was  thought  desirable  to  study  their  effect  upon  striated  muscle.  The 
question  first  arose  as  to  whether  the  muscle  of  cats  in  which  the  thy- 
roid gland  had  been  removed  was  more  readily  fatigable  then  the  normal. 
A  nimiber  of  cats  were  accordingly  tested  with  this  in  view.  In  several 
oste  the  thjToids  were  removed  some  days  prior  to  theexperiment  (care 
being  taken  to  preserve  the  parathyroids) ,  and  they  were  allowed  to  re- 
cover from  the  operation  before  the  experiment  was  performed.  In 
other  cats  the  glands  were  removed  at  the  time  of  the  experiment. 

In  both  cases,  however,  the  variation  of  the  limits  of  the  fatigue  period 
were  within  the  limits  of  variation  of  the  normal  cat.  This  is  what  one 
would  expect  since  it  has  been  shown  that  when  the  parathjn-oids  re- 
main intact,  thyroidectomized  animals  may  Uve  for  a  long  period  without 
exhibiting  any  abnormal  symptoms  (6). 

The  general  effect  of  thyroidectomy  on  the  fatigability  of  the  organ- 
ism, the  parathyroids  remaining  intact,  was  also  studied  in  another  man- 
ner. A  number  of  cats  were  thyroidectomized  and  after  their  necks 
were  healed,  or  in  about  two  weeks,  they  were  made  to  run  in  an  elec- 
trically turned  (wheel)  treadmill  until  they  were  fatigued.  A  corre- 
sponding number  of  normal  cats  were  run  under  the  same  conditions  as 
controls.  There  was,  of  course,  considerable  variation  in  the  period  be- 
fore the  onset  of  fat^e,  dependii^  upon  the  age  and  size  of  the  animal, 
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but  within  allowable  limits  of  variatioa  there  was  no  appreciable  differ- 
ence between  the  normal  cats  and  thoee  in  which  the  thyroids  bad  been 
removed. 
Following  is  a  typical  protocol  of  such  an  experiment,  June  13,  1917. 

Female  cat,  (operated  on,  thyroida  removed,  parathyroids  intact,  May  89.) 
10.4S  a.  m.    Placed  in  wheel;  wheel  started  revolving. 
11.26  a.  m.    Cat  fatigued  ao  that  it  slid  in  wheel  instead  of  ruoning. 
11.40  a.  m.    Normal  female  cat  pieced  in  wheel;  wheel  started  revolving. 
12.28  p.  m.    Cat  fatigued  so  that  it  slid  in  wheel  instead  of  running. 

Such  finding  corroborstee  the  other  experim^ital  data.  Apparently 
within  such  a  period  of  time  a  sufficient  amount  of  the  thyroid  "hor- 
mone "  still  remains  in  the  circulation  to  be  effective,  or  some  other  mecb- 
anism  is  finally  able  to  bring  about  a  compensation.  Whether  this  com- 
pensation is  permanent  is,  cf  course,  another  question.  The  time  fac- 
tor is  probably  an  important  element  here  but  experimentation  has  not 
yet  been  carried  out  as  to  the  ultimate  effects  of  thyroidectomy  on  stri- 
ated muscle. 

After  it  had  been  ascertained  that  the  fatigability  of  the  muscle  was 
apparently  not  influenced  by  more  or  less  immediate  thyroidectomy, 
the  effect  of  the  intravenous  injections  of  various  extracts  upon  the  con- 
traction of  partially  fatigued  muscle  was  studied. 

Normal  adult  cats  were  etherized,  then  tracheotomized  and  etherisa- 
tion continued  through  a  tracheal  cannula.  The  rectus  abdominis  mus- 
cle of  one  side  was  then  freed  from  its  attachment  to  the  ribs  and  fast- 
ened at  the  upper  end  to  a  writing  lever  by  means  of  a  series  of  pulleys. 
As  the  portion  of  the  rectus  abdominis  below  the  ribs  was  undisturbed, 
the  blood  and  nerve  supply  remained  fairly  intact.  One  electrode  from 
the  induction  coil  was  attached  to  the  free  end  of  the  muscle  and  the 
other  to  the  muscle  near  the  pubic  symphysis.  The  entire  muscle  was 
thus  stimulated  from  a  storage  battery  through  an  induction  coil  at  the 
rate  of  one  shock  a  second,  on  the  break  only,  with  a  current  of  0.7  am- 
peres. An  ammeter  indicated  that  the  stimulus  was  constant.  The 
diminishing  excursions  of  the  writing  lever  in  response  to  the  same  stimu- 
lus indicated  the  increasing  fatigue  of  the  muscle. 

The  dosage  of  each  extract  was  measured  by  its  nitrogen  content  cal- 
culated as  protein  so  that  the  standard  dose  contained  0. 1  gram  protein. 
Blood  preasure  from  the  carotid  artery  was  taken  at  the  same  time  that 
the  effect  of  intravenous  injection  upon  the  muscle  was  studied.  When 
the  excursions  of  the  writing  lever  had  decreased  to  a  mngnitude  of  leas 
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than  one-half  of  their  original  he^ht,  a  standard  injection  of  a  thyroid 
preparation  was  given  by  the  femoral  vein.  The  following  materiala 
obtained  from  the  fresh  thyroid  gland  were  tested  in  tliese  experiments^ 
The  non-coagulable  "residue"  of  the  alkaline  saline  extract;  nucleopro- 
teins;  coagulable  proteins;  Kendall's  so<called  "active  principle"  (7); 
a  thyroid  extract  prepared  according  to  Eddy's  method  for  pancreas- 
vitamines  (S);  a  "residue"  made  from  commercfal  desiccated  thyroid 
powder;  and  finally  "residues"  made  from  diseased  human  thyroida. 
These  were  obtained  at  operation«  and  were  of  two  kinds:  a,  consisting 
of  simple  goitre  tissue  removed  from  patients  who  gave  no  evidence  of 
hypo- or  hyperthyroidism;  b,  consisting  of  diseased  thyroid  tissue  excised 
from  patients  who  presented  marked  evidences  of  hyperthyroidism  or 
expothalmic  goitre. 

Following  IB  a  typical  protocol  of  the  way  in  which  the  actioa  of  the  glanda  was 
studied.  The  effects  of  a  single  organ  extract  were  first  observed,  and  it  was  then 
foijnd  that  the  action  of  several  extracts  could  be  studied  without  any  complica- 
tion in  the  effect  upon  the  muscle  or  the  blood  pressure.  The  combinations  in 
which  the  extracts  were  given  were  numerous.  No  set  rule  as  to  order  was  fol- 
lowed, in  order  that  any  deviation  in  results  might  be  more  readily  checked  up. 

Protocol  of  July  BS.  1917.    Male  cat,  ether,  tracheotomy 
10.15  a.  m.    Femoral  vein  exposed  for  injection. 
10.35  a.  m.     Blood  pressure  apparatus  set  up,  with  cannula  in  left  carotid. 

Normal  blood  pressure  taken. 
10.55  a.  m.     Left  rectus  abdominis  attached  to  pulleys,  electrodes  fastened  and 

stimulation  begun. 
11.20  a.  m.  3  cc.  thyroid  residue  injected  in  femoral  vein.    Note  fall  in  blood 

pressure,  lasting  two  minutes.     Note  increase  in  muscle  contractions. 
11.40  a.  m.  2.8  cc.  alcoholic  thyroid  extract  (05  per  cent)  injected.     Note  fall  in 

blood  pressure  and  lack  of  effect  on  muscle. 
11.55  a.  m.  4  cc.  simple  goitre  residue  injected.    Note  very  slight  fall  in  blood 

pressure  and  lack  of  elTect  on  muscle. 
12.15  p.  m.    Trachea  occluded.    Cat  dies. 

Of  all  these  extracts,  the  non-coagulable  "residue"  of  the  alkaline 
saline  extract,  made  from  fresh  thyroid  glands,  was  found  to  be  most 
effective  in  reenergizing  fatigued  voluntary  muscle  (fig.  I).  The  "resi- 
due" made  from  commercial  desiccated  thyroid  powder  showed  only  a 
ft-action  of  the  activity  of  the  "residue"  made  from  fresh  glands  (fig.  2). 
None  of  the  other  "extracts"  or  preparations  mentioned  above,  includ- 
ing those  from  diseased  thyroids,  had  any  effect  upon  voluntary  muscle, 
although  it  is  interesting  to  note  that  the  95  per  cent  alcoholic  thyroid 
extract  is  a  greater  stimulant  of  gastric  secretion  than  the  "residue"  of 
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the  alkaline  saline  extract  which  ia  so  potent  for  striped  mHsi*]e — s  point 
which  is  at  present  being  studied  in  a  research  to  be  pubUshed.later. 

It  might  have  been  expected  that  that  "residue"  would  be  inert  which 
was  made  from  the  simple  adenomata,  or  cyst-adenomata,  of  thyroid*, 
which  in  life  gave  no  constitutional  symptoms.  Tumors  of  secretioft 
structures  are  not  generally  believed  to  produce  any  active  material. 
But  that  a  "residue"  of  true  hyperthyroid  tissue  should  also  be  inert 
is  somewhat  surprising.    The  thyroid  gland  of  exophthalmic  goitre  ap- 


Fig.  I.  The  fsiliDg  conlraction  of  the  fatigued  muscle  ii  shown  at  the  left.  At 
the  point  OD  the  left  indicated  by  the  cross.  Sec.  of  thyroid  "residue"  containiDg 
O.I  gram  of  protein  waa  injected.  The  succeeding  increased  excursions  of  the 
wtitingleverahowtheeffect  of  the  injection  upon  the  previously  fatigued  muscle. 

parently  produces  too  much  secretion.     Is  it  possible  that  this  excessive 
product  is  of  extremely  poor  quality? 

A  study  of  the  blood  pressure  tracings  brings  out  another  interesting 
variation.  Organ  extracts,  with  the  exception  of  those  from  the  adrenal 
gjand  are  almost  uniformly  vaso-depremor.  As  may  be  seen  from  the 
tracings  (fig.  3),  blood  pressure  falls  immediately  on  injection  of  the  thy- 
roid "residue,"  then  rises  again  to  the  normal  level  within  a  short  time 
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or  froniL_6^,'tb  five  minutes.  The  thyroid  extract  prepared  according 
to.Eddy^'method  for  pancreas-vitaminee,  however,  appears  to  have 
a  pressor  eBfect.  Blood  pressure  rises  and  remainB  up  for  from  five  to 
.•'jie^efl.'  minutes  after  injection,  before  it  descends  to  the  normal  level 
.'-qgain  (fig.  4).    The  curve  which  it  presents  is  very  similar  to  the  blood 


Fig.  2.  On  the  left  ia  shown  the  decreasing  contractions  of  the  miucle  in  the 
proeeM  of  fatigue.  On  the  right  is  shown  the  slight  invigoration  produced  by  the 
injection  of  a  "r«Bi4ue"  made  from  commercial  desiccated  thyroid. 

pressure  curve  shown  after  intravenous  injection  of  adrenalin  or  the 
adrenal  ^^due  (figs.  5  and  6). 

Clinically,  one  of  us  (J.  R.)  has  observed  several  cases  of  hyperthy- 
roidism with  high  blood  pressure  in  which  the  blood  pressure  fell  to 
normal  immediately  or  very  soon  after  the  enucleation  of  one  or  more 
encapsulated  tumors  of  the  thyroid.     This  experience,  in  conjunction 
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with  the  pressor  effect  of  thethymid  "vitamine,"  (?)  suggests  that  the 
pathological  tissue  excised  from  patients  with  high  blood  pressure  may 
secrete  a  similar  toxic  substance. 

Aft«r  ascertaining  that  our  thyroid  "residue"  was  the  oidy  thyroid 
I»«paTation  which  was  capable  of  energizing  fatigued  muscle,  we  have 


Fig.  3.  This  ehowB  tb«  chftracteriatie  fall  in  blood  pressure  which  is  produmd 
by  the  intravenoua  injectioa  of  the  thyroid  residue. 

amilarly  tested  corresponding  materials  derived  from  the  other  endo- 
crine glands  including  liver,  spleen,  ovary  and  pancreas.  We  have 
found  that  the  "residues"  of  the  parathyroid  (fig.  7)  and  the  adrenal 
glaiid  (fig.  8)  and  also  the  commercial  1 : 1 OC  0  solution  of  adrenalin  (fig.  0} 
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show  a  power  like  that  of  the  thyroid,  or  re§nergizing  fatigued  muscle. 
No  other  materialB  or  extracts  obtained  from  these  or  other  oi^ans  ex- 
hibited any  of  this  kind  of  activity. 

The  thyroid,  parathyroid  and  adrenal  glands  alone  seem  capable  of 
invigorating  fatigued  muscle.    It  should  be  noted  here  that  our  adrenal 


Fig.  4.  This  shows  the  rise  in  blood  pressure  produced  by  the  intravenous  in- 
jection  of  the  thyroid  "ritunine"  (7)  It  is  preceded  by  a  slight  initial  fall  in 


"residue"  responds  to  the  tests  for  adrenalin  but  apparently  contains 
some  other  active  material.  Our  "residue"  is  derived  from  the  whole 
f^and,  while  adrenalin  or  adrenin  is  obtained  only  from  the  medulla. 
Nevertheless,  when  the  adrenin  doses  of  the  adrenal  "residue"  and 
of  the  1:1000  adrenalin  solution  are  the  same,  the  eETects  correspond. 
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This,  however,  does  not  neceBsarily  indicate  that  our  adrenal  residue 
is  the  exact  physiological  equivalent  of  Adrenalin. 

The  next  question  concerns  the  mechaniBm  or  manner  in  which  the 
tlqrroid,  parathyroid  and  adrenal  glands  act  upon  the  voluntary  mus- 
dea.  If,  in  the  experimental  animal,  the  spinal  roots  of  the  last  six  dor- 
sal and  all  five  lumbar  nerves  are  sectioned  on  the  side  on  which  the  rec- 
tus abdominis  is  being  stimulated,  fatigue  of  the  muscle  takes  place 
•omewhat  more  rapidly  than  in  the  normal  or  thyroidectomized  animal. 


Fig.  5.  Thii  ihowi  the  effect  upon  the  blood  pieMure  traciog  of  the  injection 
of  the  commercial  1 :  1000  solution  of  adrenalin. 

This  may  be  due  either  to  the  general  exhaustion  produced  by  the  rather 
severe  operation,  or  to  lack  of  control  of  the  peripheral  by  the  centra) 
nervous  system,  or  to  both  influences. 

After  section  of  the  spinal  roots  of  the  nerves  which  supply  the  rectus 
abdominis  muscle,  however,  the  effects  upon  the  fatigued  muscle  of  the 
intravenous  injection  of  the  extracts  is  the  same  as  in  the  muscle  with 
the  nerve  supply  intact.  The  point  of  action  of  the  gland  extracts  must, 
therefore,  be  near  the  muscle  fibre  itself.    Gruber  (9)  haa  demonstrated 
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in  the  case  of  adrenalin  that  the  threshold  atimulus  of  a  denervated  mus- 
cle was  unaffected  by  curare  aVd  that  adrenalin  had  no  effect  upon  the 
curare  threshold  in  this  muscle. 

Tbe  threshold  of  a  curariied  muBcte  with  the  nerve  intact,  however,  is  affected 
by  fatigue  which  adrenalin  counteractB.  If  curare  acts  upon  Langley's  "recep- 
tive substance"  (10)  between  the  nerve  endings  and  the  muscle,  fatigue  and 
adrenalin  [as  well  as  our  "residues"]  must  act  at  another  point  Dearer  the  muscle 
than  the  "receptive  substance." 


Fig.  6.  This  shows  the  effect  upon  the  blood  pressure  tracing  of  the  intrave- 
nous injection  of  an  amount  of  adrenal  residue  which  contained  the  somequantity 
of  adrenalin  as  waa  given  in  figure  5. 

In  these  experiments  we  have  endeavored  to  demonstrate  that  mar- 
terials  derived  from  the  thyroid,  parathyroid  and  adrenal  glands,  and 
from  those  endocrine  glands  only,  have  a  direct  influence  upon  the  con- 
traction and  fatigue  of  voluntary  muscles.  We  have  further  sought  to 
determine  chemically  the  general  group  of  substances  in  which  the  ac- 
tive principle  of  these  endocrine  glands  is  to  be  found.  Such  work  must, 
however,  at  this  stage  be  regarded  aa  purely  suggestive,  since  it  calls 


d  by  Google 


BFraCT  OF  ORGAN  EXTRACTS  ON  VOLCNTART  UUSCLB  107 

for  &  very  thorough  working  out  from  phyaiolt^cal,  chemical  and  clini- 
cal viewpoints. 

Testa  made  with  the  various  materials  derived  from  the  thyroid, 
parathyroid  and  adrenal  glands  show  that  fatigued  muscle  can  beet  be 
invigorated  by  the  non-coagulable  or  "residue"  portion  of  an  alkaline 
saline  extract  of  each  organ.     This  "residue,"  it  should  be  noted,  con- 


Fig.  7.  This  tfAcing  ahowa  the  effect  upoo  the  failiog  contr&ctioD  of  fatigued 
voluntairmiucleof  the  iojeetion  of  the  parathyroid  "reaidue."  4.  cc.  —  0.1  gram 
of  protein. 

tains  slightly  hydrolizcd  material,  and  in  our  experiments  has  always 
been  made  from  "fresh"  glands.  A  " residue "  of  desiccated  coimnercial 
thyroid  material  is  not  nearly  so  active  as  extracts  made  from  the  frerii 
gland  and,  therefore,  the  usual  thyroid  medicament  must  be  more  or 
less  unsatisfactory. 
Muscular  weakness  is  quite  evident  in  the  clinical  condition  ccHumonly 
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described  as  that  of  hypothyroidiam.  HypofunctionatioD  of  eodocriDfl 
organs  other  than  the  thyroid  and  the  adrenal  is  not  so  well  recognised 
but,  as  a  rule,  seems  also  to  be  accompanied  or  manifested  by  asthenia; 
that  is,  muscular  weakness  is  a  constant  and  striking  symptom  not  only 
in  hypothyroidism  and  hypoadrenalism  (Addison's  disease)  but  also 
seems  to  occur  in  many  other  analogous  conditions. 


Fig.  8.  This  tracing  ehows  the  effect  upon  the  failing  contraction  of  fatigued 
muscle  of  the  intravenous  injection  of  the  adrenal  "residue."  The  4  cc.  con- 
tained approximately  the  same  amount  of  adrenalin  tu  the  3  cc.  of  adrenalin  1 :  1000 
shown  in  figure  9. 

From  our  experiments  we  infer  that  the  thyroid  gland,  through  its 
secretion,  affects  the  neuro-muscular  junction  and  thus  in  some  unknown 
manner  invigorates  muscular  contractions.  It  is,  therefore,  reasonable 
to  suppose  that  the  marked  muscular  weakness  of  hypothyroidism,  at 
least  in  part,  is  due  to  the  deficiency  of  thyroid  secretion  and  consequent 
absence  of  the  usual  neuro-muscular  activation  or  stimulus.    This  as- 
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thenia  of  hypothyroidiam  can  generally  be  relieved  by  thyroid  feeding! 
which  usually  means  the  administration  by  mouth  of  small  amounts  of 
the  desiccated  gland.  It  is  scarcely  conceivable,  however,  that  diges- 
tion of  this  material  can  result  in  the  introduction  into  the  circulation 
of  a  substance  which  is  so  closely  equivalent  to  the  thyroid  product  as 
to  act  directly  upon  the  neuro-muscular  apparatus  or  junction  as  our 


Fig.  9.  This  tracioj;  ghows  the  effect  upon  the  failing  contraction  of  fatigued 
muscle  of  the  intravenous  injection  of  3  cc.  of  the  commercial  1 :  lOOO  solution  of 
Adrenalin. 

thyroid  "residue"  apparently  does.  In  hyperthyroid  conditions  there 
is  the  same  or  a  worse  asthenia,  and  it  is  generally  intensified  by  thyroid 
feeding.  According  to  our  testa,  the  extract  of  the  hyperthyroid  gland 
is  entirely  inert,  ('onscquently,  the  usual  muscular  weakness  which  is 
present  in  these  conditions  appears  to  be  virtually  that  of  hypothyroid- 
iam. There  are  undoubtedly  some  cases  of  hyperthyroidism  in  which 
all  the  symptoms,  including  the  muscular  weakness,  can  be  relieved 
and  not  intensified  by  thyroid  feeding.     Nevertheless,  these  cases  are 
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exceptional.  One  caa  only  conjecture  the  meaning  of  these  apparent 
contradictions.  In  the  absence  of  thyroid  secretion,  or  in  the  presence 
of  a  very  poor  quality  of  secretion,  there  should,  according  to  our  ex- 
periments, be  a  deficiency  in  the  muscular  energy.  More  than  thia  is 
unknown. 

CONCLUSIONS 

1.  Intravenous  injection  of  the  non-coagulable  portions  of  the  alka- 
line saline  extracts  of  the  thyroid,  parathyroid  and  adrenal  glands  in- 
crease the  vigor  of  contraction  of  fatigued  voluntary  muscle. 

2.  The  commereial  1 :  1000  solution  of  adrenalin  shows  a  similar  stimu- 
lant effect. 

3.  No  other  materials  tested,  derived  from  the  thyroid,  parathyroid 
and  adrenal  glands  show  any  stimulant  effect  upon  fatigued  voluntary 
muscle. 

4.  Materials  from  the  other  endocrine  glands  show  no  effect  upon 
voluntary  muscle  contraction. 

5.  Desiccation  of  the  thyroid  gland  appears  to  lessen  or  destroy  its 
activity. 

6.  Excision  of  the  thyroid  appears  to  have  no  immediate  effect  upon 
the  fatigability  of  voluntary  muscle. 

7.  "Residues"  made  from  adenomatous  or  cyst-adenomatous  thy- 
roid material,  as  well  as  those  made  frcHn  the  supposedly  overactive 
gland  of  hyperthyroidism,  are  inert. 
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It  has  been  established  by  a  number  of  investigators  (1),  (2)  that 
in  the  cat  the  normal  response  of  the  vascular  system  to  small  doses  of 
adrenalin  is  such  aa  to  cause  a  fall  in  blood  pressure.  This  effect  is 
accomplished  by  a  dilatation  in  the  blood  vessels  in  the  muscles  (3). 
Moreover  the  dilatation  is  controlled  by  a  central  nervous  mechanism 
(4). 

We  accidentally  discovered  that  adrenalin  fails  to  produce  a  fall  in 
blood  pressure  in  young  kittens  with  any  dose,  however  small.  The 
only  reaction  given  is  a  rise.  Inasmuch  as  the  fall  in  blood  pressure 
is  controlled  by  a  central  nervous  mechanism  it  seemed  possible  that 
the  failure  of  this  mechaniBm  to  develop  at  an  early  age  might  account 
for  the  reaction  in  young  kittens. 

With  the  hope  of  throwii^  more  light  on  the  nature  of  the  adrenalin 
vasodilator  mechanism  we  have  made  a  study  of  cata  at  different  ages. 

The  methods  employed  in  this  research  were  similar  to  those  used 
in  previous  researches  (4)  but  with  the  following  modifications:  Much 
smaller  bellows  than  those  used  in  adult  cat«  were  found  advantageous 
in  registering  volume  changes  of  the  limb  or  intestine  of  kittens.  Bel- 
lows with  a  base  26  mm.  by  13  nmi.  were  used  in  a  majority  of  the  ex- 
periments, while  occasionally  in  the  youngest  kittens  a  smaller  bellows 
with  a  base  17  mm.  by  10  mm.  was  tried.  All  animals  were  under  the 
influence  of  ether. 

When  the  age  of  the  kittens  was  unknown,  it  was  necessary  to  make 
an  estimate  from  the  animal's  weight.  These  estimates  were  based 
upon  the  weights  of  five  kittens,  whose  ages  were  known,  ranging  from 
0.3  kgm.  to  1.3  kgm.  in  weight.  The  ages  so  determined  are  cloee 
enough  for  our  purpose  because  the  earliest  occurrence  of  the  adrenalin 
vasodilator  mechanism  is  unquestionably  variable. 
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BLOOD  PRESSURE  REACTION  AT  DIFFERENT  AGES 

A  study  of  the  blood  pressure  responses  might  be  expected  to  giva 
us  an  idea  of  the  age  at  which  the  adrenalin  vasodilator  mechanism 
begins  to  appear.  We  therefore  sought  to  answer  our  problem  by  means 
of  the  blood  pressure  reaction. 

The  youngest  kittens  employed  were  of  known  age  (three  weeks) 
and  weighed  0.3  kgm.  and  0.32  kgm.  respectively.  The  threshold  for 
blood  pressure  response  to  adrenalin  was  high  in  both  cases.  In  the 
first,  0.1  CO.,  1:100,000  caused  a  rise  from  46  mm.  to  49  mm.,  while 
less  than  that  produced  no  effect.  Even  larger  doses  produced  a 
smaller  percentage  rise  than  that  from  proportional  doses  in  older 
kittens,  although  the  duration  of  the  effect  might  be  as  long  (see  a,  fig.  1). 

Eight  older  kittens  weighing  from  0.6  kgm,  to  0.67  kgm.  (about 
eight  weeks  of  age)  possessed  a  lower  threshold  for  adrenalin,  in  some 
instances  being  as  low  as  0.2  cc,  1.1,000,000.  In  only  two  of  these 
ammalfi  was  there  an  occasional  fall  of  blood  pressure  succeeding  the 
rise.  When  it  did  occur  it  was  small  in  amount.  A  depressor  effect 
at  this  age  was  exceptional  (see  b,  fig.  1).  Kittens  even  older  failed  to 
give  a  fall  in  blood  pressure  with  adrenalin.  Seven  individuals  weighing 
respectively  0.72  I^.,  0.75  kgm.,  0.9  kgm.,  0.9  kgm.,  0.95  kgm.  and 
1.05  kgm.  (estimated  ages,  nine  to  eleven  weeks),  gave  a  rise  without 
a  fall  in  every  injection,  however  small. 

On  the  other  hand  animals  weighing  I  kgm.  or  more  usually  gave  a 
rise  and  fall  in  blood  pressure  with  small  doses,  although  repeated  injec- 
tions in  the  same  animal  might  not  always  do  so  (c  and  d,  fig.  I).  It 
might  be  suggested  that  the  failure  of  a  depressor  reaction  in  these  cases 
was  due  to  the  easy  fatigue  of  an  incompletely  developed  mechanism. 
Kittens  of  the  following  weights  gave  the  depressor  reaction:  1.0  kgm., 
1.0  l^m.,  1.1  kgm.,  1.3  l^m. 

As  the  animals  became  older  the  pressor  effects  from  small  doses  of 
adrenalin  became  gradually  less  and  less  while  the  fall  in  blood  pressure 
became  greater  and  more  prolonged.  Finally  in  the  adult  animal  the 
rise  became  insignificant  or  in  some  cases  a  pure  fall  resulted  (see  fig.  1), 

A  study  of  the  blood  pressure  reaction  has  shown  that  the  depressor 
response  to  adrenalin  begins  to  appear  at  the  age  of  eleven  or  twelve 
weeks.  From  that  age  onward  the  depressor  response  encroaches  more 
and  more  upon  the  pressor  effect  until  finally  the  latter  may  almost 
disappear,  provided  small  doses  of  adrenalin  are  injected.  This  graded 
increase  of  the  depressor  response  with  the  growth  of  the  animal  indicates 
a  gradual  development  of  the  adrenalin  vasodi]at<^  mechanism. 
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Fig.  I.  Different  types  of  blood  preMure  curvce  produced  by  Adren&lm  in  eata 
tl  different  agea. 
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It  seemed  at  first  that  we  had  settled  the  question  as  to  the  age  at 
which  the  adrenalin  vasodilator  mechanism  first  appears  by  a  study  of 
the  blood  pressure  reaction.  But  in  work  on  adult  cats,  which  is  to 
be  published  soon,  we  found  later  that  an  adrenalin  vasodilator  mecha- 
nism might  be  acting  in  an  animal  although  the  blood  pressure  response 
was  a  rise.  Therefore  without  a  study  of  the  volume  changes  In  the 
organ  conceraed,  we  cannot  be  certain  of  our  solution. 

For  reasons  given  in  another  research  (4,  p.  366)  we  are  led  to  treat 
separately  the  adrenalin  vasodilator  mechanism  for  the  limb  and  the 
intestinal  adrenalin  vasodilator  mechanism.  It  might  be  well  to 
briefly  repeat  those  reasons.  First,  there  is  a  difference  of  threshold, 
i.e.,  the  mechanism  for  the  intestine  has  a  higher  threshold  on  the  aver- 


Fig.  2.  Effect  of  0.4  cc.  adrenalio,  1 :  100,000  on  the  volume  of  the  inteatine  mmI 
hind  limb  Jn  a  kitten  three  weeks  old  (0.32  kgm.).  Smaller  dooea  produced  aimilar 
though  less  marked  effects.     (Reduced  i.) 

age  than  that  for  the  limb.  Second,  a  difference  in  reversal,  i.e.,  no 
increase  in  the  dose  of  adrenaUn  ever  changes  intestinal  dilatation  to 
constriction  when  once  the  dilatation  threshold  is  passed,  while  such 
an  increase  does  cause  a  reversal  from  dilatation  to  constriction  in  the 
limb.  These  observations  suggest  different  types  of  mechanisms.  We 
will  therefore  discuss  them  separately. 

THE  ADRENAUN  VASODILATOR  UBCHANISU  FOR  THE  HUB 

Although  we  have  employed  the  hind  limb  in  this  study,  there  is 
ground  for  assuming  that  its  reaction  (provided  skin  effects  are  n^- 
ligible)  represents  the  reaction  for  the  skeletal  muscle  throughout  the 
organism.  We  have  therefore  considered  active  adrenalin  dilatation 
of  the  hind  limb  as  proof  of  the  presence  of  the  adrenaUn  vasodilator 
mechanism  for  skeletal  muscle. 
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We  have  sought  for  the  presence  of  this  mechaoisni  in  nine  kittens 
at  varying  ages.  The  smallest  to  give  undoubted  evidence  of  its  exis- 
tence was  nine  or  ten  weeks  old  (0.S5  kgm.)  (see  lig.  3).  However  the 
repeated  injections  of  similar  doses  did  not  always  produce  active  dila- 
tation. This  finding  is  parallel  to  the  obscrvatiun  on  the  inconstancy 
of  the  depretsor  response  in  blood  pressure  in  kittens  first  tj  show  the 
reaction.  Five  younger  kittens  from  three  to  eight  weeks  old  gave  no 
active  dilatation  of  the  limb.     (See  fig.  2.)  ' 

Two  kittens  about  eleven  weeks  old  (1  kgm.)  reacted  by  limb  dilata- 
tion more  easily  than  did  the  niue-weeks-old  kitten.    As  the  animals 


Fig.  3.  Active  vasodiUtatioa  in  the  limb  of  a  kitten  about  nine  weeks'  old 
(0.85  k|cm.).    DoK  of  adrenalin  I  cc.  1 :  100.000.     (Reduced  i-) 

grew  older  the  reaction  was  elicited  with  greater  constancy.    At  six 
months  the  response  resembled  more  that  cf  the  adult. 

In  general  we  may  say  that  the  limb  mechanism  begins  to  function 
at  or  poeaibly  before  the  eleventh  week.  Inasmuch  as  the  fall  in  blood 
pressure  is  due  to  the  action  of  an  adrenalin  vasodilator  mechanism  for 
skeletal  muscle,  we  should  find  that  the  depressor  response  of  blood 
pressure  and  the  active  limb  dilatation  begin  to  appear  at  the  same  age. 
Within  the  limit  of  experimental  conditions  we  have  found  this  to  be 
true. 

THE    INTESTINAL    VASODILATOR    UECHAMSH 

Although  the  intestinal  vasodilatation  from  adrenalin  may  contribute 
to  the  fall  in  blood  pressure  with  doses  that  do  not  produce  constric- 
tion in  skeletal  muscle,  as  soon  as  these  doses  are  exceeded,  intestinal 
vasodilatation  merely  subtracts  from  the  pressor  effects  of  the  con- 
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stricting  skeletal  muscle.  Therefore  we  cannot  expect  to  throw  much 
light  on  the  blood  pressure  reaction  by  a  study  of  the  development  of 
this  mechanism.    But  because  it  seems  to  be  of  a  different  type  we  were 

d  anxious  to  compare  its  development 

^  with  that  of  the  limb  mechanism. 

a  The  volume  changes  in  the  intes- 

S ,  tine,  resultii^  from   the  injection 

if  of  adrenalin  into  the  general  blood 

J"  stream,    were   observed   in   eleven 

^  kittens  rangii^  in  age  from  three 

I  weeks  to  six  months.  The  amounts 

I  of  adrenali  ninjected  varied  from 

■S  that  just  sufficient  to  give  a  response 

'  to  massive  doses.    The  absence  of 

'"  the  intestinal  adrenalm  vasodilator 

S  mechanism  was  considered  proven 

^  if  massive  doses  failed  to  cause  dila- 

.  tation. 

»  All  kittens  up  to  about  eleven 

0  weeks  of  age  (eight)  failed  to  show 
e  the  presence  of  an  adrenalin  vaso' 

1  ,  dilator  mechanism  for   the  intes- 

^  tine.     Three    of    about    this    age 

"  showed   nothii^  but    constriction, 

c,  while  a  fourth  gave  a  marked  dila- 

^  tation  (see  fig.  6).    The  character 

S,  of   the   constriction  differed  some- 

J  what  with  the  age  of  the  animal, 

*  younger  kittens  showing  a  more  pro- 

S  longed  effect  than  older  kittens  (see 

g  figs.  4  and  5).    This  might  be  due 

u  to  the  vasodilator  effects  beginning 

£  to  appear  in  the  older  kittens  be- 

"3  -*■  cause  we  know  that  in  adults  the 

S "«  constriction  is  cut  short  by  dilata- 

0  -a  tion.     At  that  stage  the  vasodilator 

""  g.  mechanism  is  fully  developed. 

.    ,  On  account  of  differences  already 

£  g  mentioned  we  have  been  led  to  con- 

S  sider    the    adrenalin    vasodilator 
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mecbaniams  as  of  two  different  types.  If  this  is  true,  the  question  arises 
as  to  whether  the  limb  and  intestinal  adrenalin  vasodilator  mechanisms 
begin  to  function  at  the  same  age.  This  could  best  be  answered  by 
seeking  for  them  in  the  same  individual.  Ten  kittens  were  tested  for 
the  presence  of  both  the  limb  and  intestinal  adrenalin  vasodilator 
mechanisms.  The  youngest  to  show  the  presence  of  either  mechan- 
ism was  about  nine  weeks  old.  There  was  positive  evidence  of  the 
presence  of  the  adrenalin  vasodilator  mechanism  for  the  limb,  but 
absolutely  no  trace  of  the  other   mechanism.     Two   kittens   about 


Fig.  S.  Lew  prolonged  iiit«atiiial  constrictioD  from  a  large  doee  of  adreoalin 
(O.S  ce.,  1 :  10,000)  in  an  older  kitten  than  in  the  previous  Bgure.  Age  eight  weeks, 
weight  0.67  kgm.     (Reduced  ).) 

eleven  weeks  of  age  gave  active  limb  dilatation  with  adrenalin  but 
absolutely  no  intestinal  dilatation.  We  may  conclude  from  these 
results  that  the  two  mechanisms  may  begin  to  function  at  different 
ages  in  the  same  individual.  Moreover  in  every  case  so  far  noted 
(three)  the  adrenalin  vasodilator  mechanism  for  the  limb  func- 
tioned eajliest.  These  observations  lend  support  to  the  idea  that  the 
two  mechanisms  arc  of  different  types. 

In  conclusion  we  may  ask:  Why  do  the  adrenalin  vasodilator  mech- 
anisms develop  so  late  in  the  life  of  the  individual?  Doet  it  mean  that 
the  mechanism  is  one*of  the  last  to  appear  in  the  evolution  of  the  cat? 
If  80,  it  might  be  that   they  are  specialized  mechanisms  occurring 
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only  in  the  camivora.  (Their  presence  has  been  proven  in  the  dog.) 
A  systematic  survey  of  the  vertebrates  for  the  presence  of  these  mech- 
anisms is  in  progress  in  this  laboratory. 


1.  The  smallest  effective  doses  of  adrenalin  produce  only  a  rise  in 
blood  pressure  in  young  kittens. 

2.  The  threshold  for  adrenalin  blood  pressure  effects  is  high  in  young 
kittens,  decreasing  as  they  grow  older. 

3.  The  response  to  adrenalin  of  a  fall  in  blood  pressure  begins  to  a|H 
pear  at  about  eleven  weeks. 

4.  The  increasing  of  the  depressor  effects  ttom  the  slight  fall  suo- 
ceeding  a  rise  in  younger  animals  to  a  marked  almost  pure  fall  in 
adults  indicates  a  gradual  development  of  the  adrenalin  vasodilator 
mechanism. 

5.  This  fall  in  blood  pressure  seems  to  be  due  to  vasodilatation  in 
skeletal  muscle,  for  the  two  begin  to  appear  simultaneously  in  most 
instances. 

6.  The  intestinal  adrenalin  vasodilator  mechanism  often  develops 
later  than  the  adrenalin  vasodilator  mechanism  for  the  limb.  This 
supports  the  view  that  the  two  mechanisms  are  of  different  types. 
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XLV.  HuNQEB,  Appetite  and  Gastric  Juice  Secretion  in  Man 
During  Prolonqed  Fasting  (Fifteen  Dats) 
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There  are  two  phases  of  the  physiology  of  prolonged  fasting  that  re- 
quire further  investigation  on  man,  namely  a,  the  hunger  mechanism  arul 
the  hunger  sense,  and  b,  the  gastric  juice  secretion. 

The  reliable  literature  on  prolonged  fasting  in  man  is  practically  unani- 
mous on  the  point  that  the  fasting  person  feels  little  or  no  hunger  after 
the  first  three  or  four  days.  In  the  thirty-one  days'  fast  of  Levanzin, 
carried  out  in  the  Nutrition  Laboratory  of  Carnegie  Institution  in  1912, 
the  subject  claimed  he  felt  no  hunger  at  any  time  (3) .  The  observations 
of  BoldirefF  (4)  on  fasting  dogs  appear  to  support  these  reports  on  man. 
It  is  now  established  that  the  sensation  of  hunger  is  induced  by  arertain 
type  of  tonic  and  peristaltic  contractions  of  the  empty  or  nearly  empty 
stomach  (1),  (2).  Boldireff  concluded  that  the  stomachs  of  fasting 
dogs  become  atonic  and  quiescent  after  the  third  or  fourth  day  of  fast- 
ing. No  investigation  of  the  motor  activity  of  the  stomach  of  fasting 
persons  seems  to  have  been  made  previous  to  the  report  of  the  writer  in 
1914. 

The  following  facts  appear  to  question  the  validity  of  the  view  that 
fasting  leads  in  a  few  days  to  paralysis  of  the  hunger  mechanism  and  con- 
sequent absence  of  hunger  sensation. 

1 .  It  has  been  noted  by  physiologists  and  surgeons  that  the  stomach  of 
man  and  animal  after  a  prolonged  fast  or  on  death  from  starvation  is 
in  a  state  of  strong  tonic  contraction.  Other  factors  beii^  normal,  a 
stomach  in  such  state  of  contraction  will  give  rise  to  hunger  sensations. 

2,  The  observations  of  the  writer  on  two  normal  persons  showed  that 
the  gastric  hunger  contractions  and  the  hunger  feeling  persisted  with 
practically  normal  intensity  at  least  to  the  end  of  the  fifth  day  of 
starvation. 
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3.  The  studies  of  Patterson,  Rogers  and  the  writer  on  fasting  dogs 
and  rabbits  failed  to  confirm  Boldireff' s  conclusions.  Thestudies  from 
our  laboratory  show  that  the  gaatric  hunger  contractions  continue  nor- 
mal or  even  stronger  than  normal  almost  to  the  stage  of  death  from  star- 
vation. Similar  results  were  obtained  by  Patterson  on  fasting  turtles 
and  frogs. 

4.  If  hunger  and  appetite  disappear  after  a  few  days'  fasting  inani< 
mals  below  man,  it  is  difficult  to  understand  what  induces  the  fasting 
animal  to  resume  eating  or  to  search  and  fight  for  food.  A  fasting  per- 
son may  resume  eating  from  a  sense  of  propriety  or  duty,  but  can  we  as- 
sume similar  motives  to  action  in  the  starving  wolf  or  the  starving  cater- 
pillar? Or  is  it  likely  that  failure  of  the  hunger  mechanism  after  a  few 
days'  fasting  obtains  in  man  alone,  in  view  of  the  complete  parallel  of 
other  features  of  inanition  in  man  and  the  lower  animals?  Wodsedalek 
has  recently  reported  t^t  a  beetle  (Trogoderma  tarsale)  will  resume 
feeding  after  four  to  five  years  of  enforced  starvation  during  which  pe- 
riod he  may  lose  seven-eighths  of  his  body  substance. 

Most  of  the  evidence  tending  to  show  suppression  of  hunger  after  a 
few  days'  fasting  consists  of  the  statements  of  professional  fasters  or 
persons  fasting  to  improve  their  health.  Many  of  these  persons  have  a 
fixed  faith  in  fasting  as  a  cure-all,  hence  they  tend  to  ignore  or  deny 
most  discomforts  of  starvation.  The  professional  faster  may  do  so  in 
the  spirit  of  bravado,  and  where  the  elements  of  faith  or  bravado  are 
not  in  evidence  the  statement  of  the  fasting  person  is  obscured  by  the 
usual  confusion  of  the  sensations  of  the  pangs  of  hunger  with  the  appetite 
for  food.  In  prolonged  fasting  the  latter  is  interfered  with  in  many  per- 
sons by  a  persistent  bad  taste  in  the  mouth. 

We  must  recognize  the  possibility  that  the  hunger  mechanism  may  be 
depressed  or  altered  in  an  individual  by  emotions  and  auto-su^estions. 
Observations  on  fasting  animals  are  therefore  not  conclusive  as  the  sub- 
ject must  be  able  to  report  his  sensations  synchronously  with  the  pres- 
ence or  absence  of  the  gastric  hunger  contractions. 

A  most  striking  case  of  prolonged  suppression  of  hunger  by  emotional 
states  in  mammals  has  recently  been  recorded  by  Osgood,  Preble  and 
Parker.  It  would  seem  that  the  Alaskan  fur-seal  bull  neither  eats  nor 
drinks  during  the  entire  breeding  season  (May  to  August). 

Many  tit  them  (the  bullj)  have  been  on  the  beaches  from  May  and  during  th« 
period  from  th(>ir  arrival  to  the  end  of  July  or  the  early  p«rt  of  August,  they 
touch  no  food.  This  fast  of  well  over  two  months  coupled  with  their  incessant 
activity  (6ghtin|;,  sex  activityl  draios  thetn  of  all  their  stored  energy.  They  sra 
reduced  to  skin  und  bones  (p.  393). 
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From  th«  time  the  bulla  take  their  places  on  the  beschee  till  they  leave  about 
early  August,  it  is  impossible  to  drive  them  away  and  they  are  never  seen  in 
this  period  in  the  water  so  that  I  think  it  perfectly  safe  to  say  that  most  bulls 
get  no  food  for  two  months  (June  and  July).  If  some  come  in  April,  as  is  stated 
by  the  islanders,  the  period  may  be  as  long  as  four  months.  The  weather  is 
cool  or  misty  or  rainy  so  that  loss  of  water  is  not  favored  and  abstinence  from 
water  is  not  so  remarkable  as  that  from  food.' 

The  seal  and  the  whale  obviously  obtain  the  water  requirements  for  the 
body  from  the  food  itself  (fish).  In  the  absence  of  activity  of  the  Bweat 
glands  the  loss  of  water  (from  the  lungs)  in  the  seal  is  probably  not  much 
greater  on  land  than  in  the  sea.  Does  the  tissue  catabolism  of  the  fast- 
ing seal  yield  a  sufficient  amount  of  water  for  the  work  of  the  kidneys 
for  two  to  four  months?  Assuredly,  a  mature  fur-seal  bull  confined  in 
a  suitable  metabolism  cage  for  two  to  four  months  during  the  breeding 
season  would  furnish  very  interesting  data. 

According  to  Boldireff,  the  stomach  of  the  fasting  dog  exhibits  oc- 
casional periods  of  secretion  of  gastric  juice  durii^  the  first  three  dajrs 
of  fasting,  and  after  the  third  or  fourth  fasting  day  the  gastric  glands 
secrete  continuously.  Boldireff  is  inclined  to  ascribe  the  motor  quies- 
cence of  the  stomach  of  his  fasting  dogs  to  a  reflex  inhibition  from  the 
acid  of  this  continuous  secretion.  The  observations  of  Beaumont  on 
Alexis  St.  Martin  and  those  of  Pavlov  on  dogs  are  largely  responsible  for 
the  generally  accepted  view  that  in  norma!  individuals  the  gastric  glands 
are  quiescent  when  there  is  no  food  or  secretagogues  In  the  stomach,  and 
the  appetite  mechanism  eliminated.  We  have  shown  that  this  viewis 
erroneous  for  adult  man  and  dogs.  Hess  and  Taylor  have  shown  that 
there  is  a  continuous  secretion  of  gastric  juice  in  the  newborn  infant  be- 
fore the  first  feeding,  and  in  young  infants  in  the  absence  of  food  in  the 
stomach.  A  continuous  secretion  of  gastric  juice  by  the  normal  empty 
stomach  is  therefore  established.  Is  this  continuous  secretion  aug- 
mented in  prolonged  fasting,  as  indicated  by  BoldirefF's  work  on  dogs? 
So  far  as  we  know  this  phase  of  inanition  has  never  been  investigated  in 
man.  This  question  is  of  importance  not  only  in  relation  to  the  nature 
of  inanition  and  to  gastric  physiology  but  as  bearing  on  the  possible 
rdle  of  the  alimentary  tract  enzymes  in  starvation  metabolbm. 

Mr.  Frederic  Hoelzel,  the  subject  of  this  fasting  study,  is  a  man  twen- 
ty-eight years  old,  graduate  of  a  first  class  technical  h^  school,  and  well 

'  '  Prof.  G.  H.  Porker,  persooal  communication.  Prof.  W.  H.  Osgood  informs 
me  that  the  bull  may  occasionally  enter  the  water  to  reclaim  an  escaping  cow, 
but  he  does  not  go  far  from  land  and  does  not  feed. 
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versed  both  in  the  scientific  and  the  popular  literature  on  fasting,  dietet- 
ics and  nutrition. 

During  his  last  year  in  the  high  school  (age  18),  he  suffered  a  break- 
down in  health,  with  insomnia,  digestivedisorders,  great  mental  depres- 
sion and  a  loss  of  30  pounds  in  weight  in  the  course  of  a  year.     The 


Fig.  1.  Photograph  of  Mr.  F.  HoctJicl.    A.  Ijcfore;  B,  at  the  end  of  the  fifteen 
days'  fast. 

specific  cause  of  this  breakdown  was  not  determined.  The  digestive 
disorders  directed  his  attention  along  dietetic  lines.  He  states  that  he 
has  never  completely  recovered  the  mental  and  physical  wcllbeing  en- 
joyed before  this  breakdown.  He  believes  that  starchy  foods  particu- 
larly disagree  with  him  (causing  flatulence).     He  has  tried  from  time  to 
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time  to  improve  his  health  by  starvation,  fasting  many  times  for  periods 
of  three  to  four  daj-s,  at  one  time  for  a  period  of  eight  days,  and  once, 
three  years  ago,  for  a  period  of  twenty-six  days. 

With  the  view  of  obtaining  cure  for  these  real  or  fancied  digestive 
disorders  as  well  as  to  render  fasting  more  easily  carried  out,  he  has  tried 
such  food  substitutes  as  "loam,  sand,  glass  beads,  silk,  agar-agar,  whole 
grain  and  seeds,  bran,  raffia,  artificial  cellulose  and  cotton  fiber  or 
kapoc.  "^  He  found  the  most  satisfactory  food  substitute  to  i)e  cotton 
fiber,  cut  into  short  lengths  and  flavored  with  salt,  vinegar,  citric  acid, 
fruit  juicesor  other  food  extractives.  For  the  last  year  Ms  diet  has  con- 
sisted mainly  of  fruits,  vegetables  and  nuts,  with  some  cream  and  eggs, 
and  cotton  fiber  to  make  up  bulk  or  "staying"  quality. 

Before  starting  this  fast  Mr.  H.  was  given  a  thorough  physical  exami- 
nation, including  x-ray  of  the  stomach  by  Dr.  A.  B.  Luckhardt  and 
Dr.  F.  C.  Bccht.  The  only  defects  discovered  were  some  enlargement 
ufthelymphglandsof  the  neck,  a  tooth  abscess  and  an  unusual  thicken- 
ing and  roughness  of  the  skin,  particularly  of  the  lower  extremities.  He 
appeared  somewhat  nervous  and  diffident  in  the  presence  of  strangers 
but  looked  the  part  of  a  well-nourished  man,  despite  his  own  statement 
that  he  felt  below  par  physically  and  mentally.  He  also  felt  convinced 
that  his  health  would  greatly  improve  after  a  prolonged  fast.  He  thus 
undertook  the  fasting  in  the  interest  of  his  health  and  not  primarily  for 
the  physiological  observations  made  during  the  fast,  although  lie  ap- 
preciated the  im|X)rt ance  of  the  latter  and  cooperated  in  them  with  splen- 
did intelligence  and  ability  and  with  scrupulous  honesty. 

During  the  entire  observation  period— June  11  to  September  1 — Mr, 
H.  lived  in  the  lalmratory. 

Before  starting  the  fast  daily  observations  were  made  of  the  ga-stric 
hunger  «mf  ractions  and  the  gastric  .secretion  for  one  week  while  Mr.  H. 
continued  on  his  regular  diet.  He  states  that  for  the  past  year  he  has 
practically  taken  only  one  meal  a  day,  that  is,  from  6  to  11  p.  m.  The 
food  taken  June  11  to  17  was  tonsimied  in  the  same  manner  from  (i  to 
11  in  the  evening  each  day.  There  was  always  some  foud  in  the  stom- 
ach at  8  o'clock  the  following  morning.  The  stomach  was  usually 
empty  of  food  (including  the  cotton)  at  1 1  to  1  o'clock. 

'  Kapoc  is  the  Irude  oaino  for  a  very  soft  or  silky  cotton  from  the  orient,  used 
mainly  for  mattress  filling. 
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Diet  during  control  period,  Jwu  It  to  17 


Junt  It. 

Cream 

Egg» 

■   Nuts 

Flavor  (maple  augar  and  cocoa  with  water). 

Oranges 

Tomatoes 

Strawberries 

Cotton  fiber  (Kapoc) 

Junt  It. 

Egga 

Nuta 

Orsngea 

Tomatoea 

Strawbemea 

Flavor  (maple  aiigar  and  cocoa) 

Cotton  fiber  (Kapoc) 

JlDM  IS. 

Egga 

Cream 

Nuta 

Orangee 

Pineapple 

Tomatoea 

Flavor 

Cotton  fiber  (Kapoc) 

Jiuuli. 

£«■ 

Nuta 

Orangea 

Peaehea 

Cberriea 

Strawberries 

Tomfttoea 

Flavor 

Cotton  fiber  (Kapoc) 


132  grama 

77  grama 
276  grams 
311  grams 
841  grama 
1020  grams 

21  grams  (dry) 


141  grams 

26  grams 
147  grama 
877  grams 
642  grams 
231  gnuna   ' 

21  grams  (dry) 


177  grams 
I  pint 

200  grams 
440  grams 
845  grama 
212  grams 
27  grams  (dry) 


256  grams 

26  grams 
140  grama 
165  grams 
136  grams 
432  grams 
90S  gnuna 

24  grama  (dry) 
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Diet  daring  control  period,  June  11  to  1? — CoiUinued 


EggB 

Strawberries 

Blackberries.. 

Tomatoea 

Oranges 

Nuts 

Flavor 

Cotton  fiber  (Kapoc). 

June  IS. 

Eggs 

Raspberries 

Strawberries 

Blackberries.. 

Tomatoes 

Nuts 

Flavor 

Cotton  fiber  (Kapoc). 

June  17. 

Pineapples 

Oranges 

Cherries 

Strawberries 

Bananas 

Cantaloupe 

Tomatoes 

Peaches 

Raspberries 

Apricots 

Flavor 

Maple  sugar 


100  grams 

732  grams 
4S4  grams 
715  grams 
166  grams 
28  grams 


95.5  grams 
481  grams 
800  grams 
132  grams 
706  grams 

70  grama 


10 


'  grama  (dry) 


704  grams 
335  grams 
278  grams 
457  grams 
224  grama 
71S  grama 
706  grams 
176  grams 
226  grama 
127  grams 

38  grams 


Tiiis  was  the  last  meal  before  the  first  fasting  period.  The  quality 
and  the  quantity  of  the  food  (and  cotton)  consumed  each  day  were  de- 
termined by  his  appetite  and  hunger.    The  heat  value  of  the  foods  was 
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not  figured  until  a  later  date.  But  it  will  be  seen  that  even  on  such  an 
unusual  dlfet  and  only  one  meal  per  day  the  average  heat  value  of  the 
food  consumed  each  day  for  this  preliminary  period  was  2,544  calories. 

The  motUity  of  the  empty  stomach  was  recorded  by  means  of  a  small 
balloon  in  the  stomach  connected  with  a  chloroform  manometer.  The 
contents  of  the  empty  stomach  and  the  continuous  secretion  of  the  stom- 
ach were  collected  by  a  modified  Rehfus  tube.  Mr.  H.  had  no  difficulty 
in  swallowing  these  instruments  and  retaining  them  in  the  stomach 
without  discomfort  for  several  hours  (four  to  ten)  at  a  time. 

The  neuro-muBCular  strength  and  endurance  tests  were  made  on  aStory 
type  of  ergograph,  the  abductor  muscle  working  against  a  weight  of  700 
grams. 

Mr.  H.'s  daily  routine  during  the  two  fasting  periods  was,  in  general 
as  follows :  Sleep  or  rest  in  bed  until  9  to  10  a.  m.  Takingof  stomach  con- 
tent and  continuous  secretion.  Recording  of  the  hunger  contractions 
(several  hours).  Ei^graph  record.  Adetailed  diary  especially  of  his 
sensations  and  emotions  written  by  Mr.  H.  himself.  A  short  walk  in 
the  nearby  park  or  a  ride  in  an  automobile.  Reading  in  the  evening 
from  8  to  10.  He  sometimes  attended  a  nearby  motion  picture  theatre 
evenings.  Towards  the  end  of  his  fifteen  days'  fast  he  became  less  in- 
clined to  leave  his  room,  spending  most  of  the  time  resting  on  the  couch 
when  not  engaged  in  the  physiological  tests. 

I.  THS  QASTBtC  BUNOSR  CONTRACTIONS  DDRIMO  THE  PRBLIUINART 
CONTROL  PERIOD.      BULIMIA 

The  record  showing  the  end  of  a  typical  period  of  gastric  hunger  con- 
traetions  of  Mr.  H.  during  the  preliminary  or  control  week  is  repro- 
duced in  figure  2.  There  is  nothing  abnormal  in  these  records  for  a  man 
of  his  age  and  physical  condition,  except  that  the  periods  were,  on  the 
whole,  unusually  long  (one  to  two  hours).  The  periods  frequently  ended 
in  incomt^ete  gastric  tetanus  lasting  from  ten  to  fifteen  minutes. 
Shorter  periods  of  incomplete  tetanus  or  streng  tonus  waves  also 
frequently  appeared  before  the  end  of  the  period. 

It  was  quite  evident,  however,  that  Mr.  H.  felt  these  contractions  as 
more  painful  and  uncomfortable  than  the  average  normal  person.  Be- 
fore coming  to  our  laboratory  he  had  ascribed  these  pains  to  the  pres- 
sure of  gases  chiefly  in  the  large  intestine.  He  did  not  consider  them 
hunger  pangs  although  he  knew  that  he  could  abolish  than  by  taking 
food  or  filling  the  stomach  with  indigestible  material. 


d  by  Google 


A.  J.  CABL80N 


r^ 


lis 
.11 
"II 


all 

ill 


&  S  «' 

■sll  •« 

III  ^ 

•5|1  !$ 

1^-8  I 

s-.-s  ■ 

I  jl  "^ 

111  rf 

151  ^ 


dbjGoogle 


PHTSIOLOOT  or  HUMAN  STOMACH  IN  PROLONOBD  rASTINa        129 

On  June  13,  when  the  record  in  figure  2  was  taken,  Mr.  H.  vrote  in 
his  diary:  "These  pains  have  frequently  compelled  me  to  end  a  fast,  or 
deterred  me  from  starting  a  fast.  I  don't  see  how  any  one  could  con- 
sider such  pains  as  normal.  When  these  contraction  pains  are  most  in- 
tense they  appear  to  involve  the  entire  abdomen  and  cannot  be  localind 
in  the  stomach. "  Mr.  H.  occasionally  felt  the  pain,  but  lees  severely, 
even  after  beginning  the  ingestion  of  food. 

It  is  quite  clear  that  essentially  normal  gastric  hunger  contractions 
induced  hunger  pangs  of  abnormal  painfulness  in  Mr.  H.  The  reason 
for  this  condition  is  at  present  a  matter  of  conjecture.  There  was  no 
evidence  of  gastric  or  duodenal  ulcers  or  of  tabee.  Hence  the  excessively 
painful  character  of  the  hunget  contractions  must  have  been  due  either 
to  a  more  or  lees  chronic  hyperexcitabiUty  of  the  sensory  nerves  of  the 
alimentary  canal,  or  to  a  type  of  neurosis  that  led  Mr.  H.  to  give  undue 
prominence  to  the  visceral  sensations  in  his  conecious  processes. 

Mr.  H.  seems  also  to  be  deficient  in  the  sensation  of  satiety.'  The 
quantity  of  food  in  the  fonn  of  bulky  fruits  and  v^etables,  in  addition 
to  bulky  cotton,  ingested  by  Mr.  H,  in  order  to  feel  "satisfied"  would 
in  the  normal  individual  of  the  same  «ze  produce  discomfort  from  over- 
distention  of  the  stomach.  Hence,  unless  Mr.  H.  takes  indigestible 
material,  like  cotton  fiber,  together  with  his  food,  he  necessarily  over- 
eats if  he  is  to  fill  the  stomach  to  the  stage  of  satiety. 

These  facts  lead  me  to  think  that  Mr.  H.  presents  a  case  of  true  bul- 
imia. I  have  never  seen  a  case  of  true  bulimia,  so  diagnosed  by  a  com- 
petent clinician,  nor  do  I  know  of  a  case  of  true  bulimia  whose  gasbio 
motility  has  been  studied  by  the  balloon  method.  But  these  results  on 
Mr.  H.  seem  to  show  that  bulimia  does  not  necessarily  involve  an  in- 
crease in  the  strength  and  duration  of  the  gastric  hunger  contractions. 

II.  THE  OABTRIC  HUNQBH  CONTRACTIONS  DUBINO  PAeTINO 

Our  results  may  be  given  by  the  following  analysis  of  the  daily  obew- 
vations,  together  with  the  typical  tracings  reproduced  in  figures  3  to  9. 

*  Mr.  H.  stat«s  th>t  food  like  br«ad  or  potatoes  fail*  to  aatiafy  him  eren  when 
taken  in  very  large  quantitiea.  The  end  o(  a  meal  is  detenniaed  by  the  diaeom- 
forta  of  an  overdiatended  atomach,  without  any  feeling  of  real  aatisfaetion  or 
satiety.    The  latter  feeling  uaually  doea  not  come  till  the  following  morning. 


dbjGoogle 


130  A.   J.   CARIdON 

Firit  control  period 

Jwtt  II,  t-i  p.m.  Two  Btrong  hunger  periods  (36  contractiODs)  both  ending 
in  tetanus. 

Jwte  It,  It-i  p.m.  Two  strong  hunger  periods  (37  oontractious}  both  ending 
in  tetanus. 

June  IS,  Its  p.m.  Three  Btrong  hunger  periods  (45  contractions)  all  ending 
in  prolonged  tetanus. 

June  H,  Its  p.m.  Strong  tonus  and  almost  continuous  hunger  contractions 
(80)  with  short  periods  of  tetanus. 

June  IS,  t-4  p.m.    Two  hunger  periods  (45  contractiouB). 

June  18,  t-i  p.m.  One  prolonged  hunger  period  (18  contmctions)  ending  in 
tetanus  lasting  10  minutes. 

Firtt  fatting  period 

(Lost  meal  10  p.m.,  June  17) 

June  18,  Ht-i  p.m.  Three  hunger  periods  (SO  contractions),  one  ending  in 
tetanus. 

June  19,  SS  p.m.    Two  mild  hunger  periods  (37  contractions). 

Junt  to,  S  hourt.    Pour  hunger  periods  (88  strong  contractions). 

June  tl,  8  hourt.  Three  hunger  periods  (53  strong  contractions),  one  period 
ending  in  tetanus. 

June  II,  8}  hourt.    Four  hunger  periods  (40  fairly  strong  contractions). 

June  IS,  H  hours.    One  strong  hunger  period  (12  strong  contractions). 

June  IS,  6  p.m.  to  June  ti,  S  a.m.  Five  fairly  strong  hunger  periods  (50  con- 
tractions). No  tetanus,  Mr.  H.  slept  during  part  of  this  observation  period, 
becoming  restless  in  his  sleep  and  tossing  about  at  the  height  of  the  strongest 
hunger  contractions. 

June  H,  S\  kovTs.    Two  moderately  strong  hunger  periods  (20  contractions). 

Junt  IS,  B  hours.    Three  strong  hunger  periods  (38  contractions). 

June  te,  6  hours.  Three  very  strong  and  prolonged  hunger  periods  (40 
contractions). 

June  17,  S  hours.  Four  moderately  strong  hunger  periods  (47  contractions), 
one  period  ending  in  moderate  tetanus. 

June  IS,  8  hours.    Three  fairly  strong  hunger  periods  (35  contractions). 

JuTte  to,  i  hours.    Three  fairly  strong  hunger  periods  (25  contractions). 

June  30,  i  hours.     Three  fairly  strong  hunger  periods  (36  contractions). 

July  1,  S  hours.  Three  fairly  strong  hunger  periods  (30  contractions),  one 
period  ending  in  tetanus. 

July  I,  Si  hours.    Four  fairly  strong  hunger  periods  (37  cbnt Factions). 

July  S,  i  hours.  One  fairly  strong  and  two  feeble  hunger  periods  (30  con- 
tractions), no  tetanus,  but  marked  and  prolonged  tonus  variations,  some  of  the 
tonus  contraction  periods  lasting  10  minutes. 

Second  control  period  (July  4  lo  August  10) 

During  this  period  records  of  the  motility  of  the  empty  stomach  were  taken 
for  two  to  four  hours  each  day.    The  tracings  are  practically  identical  with 
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those  of  the  Brat  control  period,  so  it  is  oot  necessary  to  give  the  data  in  de- 
tail. Perioda'of  strong  tonus  and  incomplete  tetanus  were  again  of  frequent 
occurrence. 

Second  foaling  period  mlh  daily  ingettion  of  eotlon  mtritUned  mitk  gculrie  jwioe 

(Avgutt  It  to  18) 

AufTiMt  11,  10-lt  a.m.    One  moderate  hunger  period  (U  contractions). 

Auffutt  It,  Its  p.m.    Four  strong  hunger  periods  (36  eontraetioos). 

Augvtt  IS,  lt~7  p.m.    Six  strong  hunger  periods  (58  contractions). 

Aufiut  H,  W.SO  a.m.-t  p.m.    Three  strong  hunger  periods  (33  contractions). 

Auf/att  IB,  tl-lt  a.m.    One  strong  hunger  period  (IS  contractiods). 

ATigwt  18,  11.30  a.m.S  p.m.    Four  strong  hunger  periods  (60  contractions). 

Avgtal  17,  lt.SO~S.SO  p.m.  Practically  continuous  hunger  period  (40  con- 
tractions and  3  incomplete  tetany  periods,  one  lasting  20  minutes). 

Aufuat  18,  7-11  a.m.  Practically  continuous  hunger  periods  (45  contractions 
and  2  incomplete  tetany  periods). 

Third  control  period  (Aui^utl  IS  to  SeplettAer  1) 

The  daily  record  of  the  gastric  hunger  contractions  during  this  period  are 
practically  identical  with  those  of  the  previous  control  periods.  Detailed 
analysis  is  therefore  superfluous. 

At  the  rate  that  Mr,  H.  was  losing  weight  during  the  first  fast  (nearly  500 
gr.  per  day)  his  second  fast,  reducing  his  body  weight  to  47.5  kgm.,  is  equivalent 
to  adding  six  to  eight  fasting  days  to  his  first  fasting  period,  as  his  body  weight 
at  the  end  of  that  period  was  50.?r  kgtn.  Our  results  thus  permit  the  conclu- 
sion  that  the  gaxlric  hunger  contToeliont  persist  leith  no  appreciable  deereaae  or 
tncreoae  in  vigor,  at  least  during  the  firsl  tuieuiy  days  of  complete  fatting  in  man. 
This  conclusion  is  further  strengthened  by  the  previous  studies  on  fasting  in 
man  and  dogs  reported  from  our  laboratory. 

III.   THE  SUBJECTIVE  PEELINGS  OF  HUNGER  AND   APPETITE   DURING   THB 

FAST 

Mt.  H.  was  conscious  of  the  gastric  hunger  contractions  throughout 
the  fasting,  and  the  periods  of  strong  continued  gastric  tonus  and  in- 
complete tetanus  were  felt  as  a  continuous  uncomfortable  tension.  The 
more  severe  tetany  periods  made  him  very  reettess  and  uncomfortable 
and  occasionally  induced  sweating.  But  on  the  whole  the  gastric  hun- 
ger conlractiona,  although  of  normal  duration  and  intensity,  were  less  un- 
comfortable or  painful  than  during  the  cotUrol  periods  when  he  consumed 
aiificierU  food  to  maintain  or  even  increase  the  body  weight. 

Mr.  H.  is  also  convinced  that  he  felt  the  gastric  hunger  contractions 
throughout  his  twenty-six  day 's  fast,  carried  out  three  years  earlier.  He 
is  inclined  to  the  belief  that  fasting  men  who  report  feeling  no  hunger 
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after  the  first  three  days'  abstinence  from  food  do  not  associate  the  sto- 
sation  produced  by  the  gastric  hunger  coDtractions  with  hunger,  but'  re- ' : 
gard  it  as  pain  or  discomfort  from  gastro-intestinal  disorders.  '  i 

The  state  of  the  appetite  for  food  during  fasting  appears  to  depemt'' 
on  the  condition  of  the  mouth.    The  mouth  is  frequently  foul  and  iho 
tongue  coated,  despite  repeated  washing  of  the  mouth  and  brushing 
the  teeth.    The  following  notes  from  Mr.  H.  's  daily  record  are  typical 
of  his  appetite  condition: 

Third  fatling  day.    No  salivation  on  seeing  fruit.    lUther  indifferent  to 

Fourth  fatting  day.     No  salivation  on  seeing  food  or  seeing  people  eat. 

Fifth  fastiim  day.  Seeing  food  induces  some  salivation.  No  strong  desire 
for  food. 

Sixth  fatti»ii  day.    No  strong  desire  for  food. 

Seventh  fattirtg  day.  Some  salivation  on  thinking  of  food  during  a  period  of 
hunger  contractions. 

Eighth  fasting  day.  Fruit  displays  look  very  good  to  me,  but  the  bad  tBat« 
in  the  moutb  seems  to  prevent  appetite. 

EUventh  fatting  day.    Would  be  glad  to  resume  eating. 

Thirteenth  fatting  day.  Odor  and  sight  of  food  very  agreeable,  but  mouth 
oonditions  seem  to  repress  appetite. 

Fifteenth  fatting  day.  Seems  to  crave  bulk  and  flavor,  but  not  necessarily 
nutrient  foods. 

Firtt  day  of  breaking  the  fast.  Surprised  that  I  do  not  crave  food  very 
much, — want  flavor  and  bulk. 

Onthefirstdayof  breakingthefastfaewrote:  "Food  (fruit)  does  not 
taste  as  good  as  I  anticipated. "  Nevertheless  he  stated  at  the  end  of 
both  fasting  periods  that  "the  dominant  element  t'n  consdouenest  througlf 
out  the  faat  ia  uUaa  or  thoughts  of  food  and  eating. " 

IT.  THE  CONTINUOUS  SECRETION  OP  QASTSIC  JUICE  DURING   PROLONOBD 
FASTINO 

Our  data  on  this  phase  are  summarised  in  tables  1  and  2.  These  data 
permit  the  following  conclusions: 

1,  There  is  no  increase  in  the  quantity  of  the  contents  of  the  empty 
stomach  in  fasting  but  the  gastric  content  is  more  frequently  mixed  with 
bile  and  shows,  on  the  whole,  a  higher  acidity. 

2.  There  is  no  definite  increase  in  the  rate  of  the  continuous  gastric  se- 
cretion in  fasting  but  the  secretion  shows,  on  the  whole,  a  higher  acidity. 
This  is  evident  during  the  fifteen  days'  fast,  but  there  is  no  increase  in 
the  acidity  during  the  second  fast  when  Mr.  H.  ingested  cotton  fiber 
daily. 
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■  These  results  on  man  are  corroborated  by  studies  on  fasting  dogs  re- 
oraitly  completed  in  our  laboratory  by  Dr.  G.  F.  Sutherland.  It  must 
be  admitted,  of  course,  that  individuals  may  show  gastric  hypersecre- 
tJon  during  fasting  owing  to  special  conditions  induced  by  the  fast. 
But  Boldireff  is  evidently  in  error  in  concluding  that  fasting  invariably 
leads  to  continuous  hypersecretion  after  the  third  or  fourth  day. 
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V,   ADDITIONAL  NOTES  ON  THE  PHIBIOLOat  OP  FASXINO 

The  blood  pressure,  the  strength  and  endurance  tests  and  the  total 
nitrogen  elimination  during  the  two  fasta  were  recorded,  not  with  the 
view  of  revealing  anything  new,  as  we  have  a  number  of  well-controlled 
studies  on  fasting  men  in  the  literature,  but  for  the  purpose  of  a,  checking 
up  on  any  special  peculiarity  in  Mr.  H.,  and  b,  as  a  control  of  his  actual 
fasting.  It  will  be  remembered  that  Mr.  H.  was  not  locked  up  when 
not  under  my  observation. 

A.   Tht  blood  prtimrt 


June  18. . , . 

June  25 

June  26. . . . 
June  27. . . . 
June  28... 

June  29 

June  30 

July    1,... 

July  a.... 

July  6.... 
July  «... 
July  10.... 
July  13.... 
July  14... 
July  IS.... 
July  17.... 
July  ».... 
July  23.... 
July  30. . . . 

August  19. 

October  IS. 


Firat  fasting  period 


Period  of  very  low  protein  diet  (es- 
sentially fruits  and  vegetablea) 


End  of  second  futing  period 


The  data  show  the  same  tendency  to  a  lowering  of  the  blood  pressure 
during  the  fast  as  has  been  noted  by  previous  investigators. 

B.  The  ergograph  records.  (Figs.  10  to  13.)  The  thirty  minutes 
daily  ergograph  records  show  some  apparent  increase  in  strength  and 
a  marked  increase  in  endurance  gradually  developed  diuing  the  fifteen 
days'  fast.    CrampUke  pains  in  the  abductor  muscles  while  taking  the 
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Figs,  to  to  13.  Ergogrftph  records  (abductor  indices  muscle  working  against 
700  grains)  of  Mr.  F.  H.    Duration  of  test  =  30  minutes. 


Fig.  10.  June  17,  day  before  starting  first  fast. 


Fig.  11.  June  22,  fifth  day  of  fasting. 


Fig.  12.  June  28,  eleventli  day  of  fasting. 


Fig.  13.  July  3,  fifteenth  day  of  fasting. 

^"  DigilizedbyGOOgle 


PHTStOUHIT  OF  HUUAK  STOIUCH  IN  FROLONOED  PASTINQ  141 

records  became  less.  Thifl  evident  improvement  in  the  ei^grapb  rec- 
ords during  the  first  fast  were  probably  due  to  part  to  training  of  the  par- 
ticular neuro-muscular  group  involved  and  the  mental  factor  or  convic- 
tion on  the  part  of  Mr.  H.  that  starvation  improves  the  physical  condi- 
tion of  a  person.  Taking  Mr.  H.  's  phynca)  condition  as  a  whole.tbere 
is  no  question  that  the  fast  produced  gradual  weakness  and  disinclina- 
tion to  physical  or  mental  effort,  such  as  reading,  walking  or  working. 

C.  The  water  intake  (tables  3  and  4).  The  daily  ingestion  of  water 
was  governed  not  by  the  thirst  sensation  primarily,  but  by  the  desire  to 
increase  elimination  and  the  hope  to  improve  the  condition  of  the  diges- 
tive tract. 

D.  The  nitrogen  etimimUion  (tables  3  and  4).  During  the  interval  be- 
tween the  two  fasting  periods  (July  4  to  August  10)  Mr.  H.  's  diet  con- 
sisted essentially  of  fniit  juices  and  vegetables  (mainly  tomatoes),  with 
an  occasional  pint  of  cream  and  cotton  fiber.  On  this  diet  the  daily  excre- 
tion of  nitrogen  in  the  urine  varied  from  2.5  to  4.5  grams.,  representing 
a  protein  metabotian  of  15  to  30  grams  per  day.  On  this  diet  he  gained 
nearly  2  kilos  in  the  thirty  seven  days. 

Both  fasting  periods  showed  a  marked  drop  in  urine  nitrogen  on  the 
second  and  third  days.  A  similar  drop  in  the  urine  nitrogen  appeared 
in  I^vanzin's  fast  under  Benedict.  During  the  fifteen  days'  fast  the 
average  daily  output  of  urine  nitrogen  was  7.18  grams  or  0.132  grams 
per  kilo  body  weight,  representing  a  daily  average  protein  metabolism 
of  about  45  grams.  During  the  second  fast  of  eight  days  the  nitrogen 
output  was  considerably  lower,  or  5.^0  grams  per  day  (0.1 16  grams  per 
kilo  body  weight),  representing  a  daily  metabolism  of  35.62  grams  of 
protein. 

The  striking  feature  in  the  present  case  is  the  low  ^H'otein  metabolism 
in  the  fasts.  Benedict's  subject,  Mr.  Levaniin,  with  a  body  weight 
practically  identical  with  that  of  Mr.  Hoelsel,  excreted  more  than  8 
grams  of  nitrogen  in  the  urine  up  till  the  end  of  the  thirty  days'  fast, 
and  during  the  first  fifteen  days  of  the  fast  the  nitrogen  output  averaged 
about  10  grams  per  day. 

B.  Movement  of  the  bowels.  During  the  fasting  period  June  18  to  July 
3  movements  of  the  bowels  occurred  on  the  following  days: 

Juiu  18.  Ordinary  fece*. 

Jun*  19.  Ordinary  fet-ei. 

Junt  15.  Muciu  and  food  debris  {stranberry  seeds,  etc.).    About  3  cc. 

June  29.  Mucus  and  food  debris  (vegetable  fiben,  »e«da,  etc.).    About  8  ec. 

Jiiiu  17.  Mucus  and  a  few  traces  of  food  debris.    About  10  cc. 
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June  SS.    Mucua  &nd  a  few  tracei  of  food  debris.    About  15  cc 
June  19.    Muciu  &nd  a  few  traces  of  food  debris.    About  10  cc. 
June  SO.    Mucus  and  a  few  strawberry  seeds.    About  2  cc. 
July  I.    Mucus  and  a  tew  strawberry  seeds.    About  IS  cc. 
July  ».    Mucus  and  a  few  strawberry  eeeda.    About  25  co. 
July  S.    Mucus,  no  trace  of  food  debris.    About  00  cc. 

Mr.  H.  made  special  effort  to  force  a  bowel  movement  each  day.  No 
enemas  were  used.  After  June  19  the  material  passed  was  mostly  soft 
bile-stained  (brown)  mucus  with  a  few  v^etable  fibers  and  fruit  seeds 
from  his  food  taken  before  fasting.  The  material  was  semi-liquid,  biit 
there  was  no  diarrhoea  at  any  time.  Gas  was  passed  per  rectum  every 
day,  and  the  solids  passed  had  fecal  odor  (on  some  days  very  oifenBive) 
even  on  the  fifteenth  day  of  starvation. 

The  striking  fact  is  the  retention  of  traces  of  food  debris  (straw- 
berry seeds)  in  the  alimentary  tract  for  at  least  fifteen  days. 

After  June  19  Mr.  H.  had  at  no  time  the  normal  desire  to  defecate. 
All  the  bowel  movements  were  forced,  several  attempts  usually  suc- 
ceeding in  one  passage  each  day  except  as  noted  above.*  The  quan- 
tity of  fecal  material  passed  each  day  was  very  small,  and  without  the 
special  effort  Mr.  H.  might  have  gone  through  the  entire  fast  without  a 
passage,  as  has  been  recorded  in  the  case  of  other  fasting  experiments. 

During  his  second  fasting  period,  Ai^ust  1 1  to  18,  when  he  ingested  a 
certain  quantity  of  cotton  moistened  with  gastric  juice,  there  were  bowel 
movements  as  follows;' 

Augwil  II,  e.lO  a.m.,  t.OO  p.m.,  11.10  p.m. 

August  It,  B.iS  a.m.,  It  noon. 

August  IS,  7.50  p.m.     (Food  debris  and  cotton.) 

August  14,  11.15  p.m.     (Cotton  with  a  few  grape  seeds.) 

August  IS,  11. IS  p.m.     (Cotton;  no  food  debris.) 

August  18.    Attempts  at  bowel  movement  without  results, 

August  17,  11.30  a.m.     (Cotton;  no  food  debris;  slight  fecal  odor.) 

Augiitt  18,  ll.SO  a.m.     (Cotton;  no  food  debris;  slight  fecal  odor.) 

The  ingestion  of  cotton  evidently  sweeps  out  completely  the  food  de- 
bris in  the  alimentary  tract  in  three  to  five  days.  It  may  also  reduce  the 
quantity  of  intestinal  bacteria  by  mechanical  action.  The  form  in 
which  cotton  taken  by  mouth  is  passed  per  rectum  may  be  gathered  by 
the  fact  that  the  smallest  bolus  passed  measured  0.5  cm.,  the  largest  3.5 
cm.  in  diameter. 

'  Mr.  U.  states  that  during  bis  twenty-six  days  fast  three  years  ago  he  usually 
succeeded  in  forcing  one  bowel  movement  per  day. 
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r  intake  and  output  oj  urine  and  urinary  nitrogen  of  Mr.  F.  H.  during 
(Ac  firtl  faeting  period,  June  IS  to  July  3 
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The  water  intake  and 


the  output  of  urine  and  urinary  nitrogen  during  the  eeeond 
faeting  period,  Auguet  II  to  18 
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60-70 
70-72 
73-74 
72-74 
70-72 
74-78 
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61.09 
50  38 
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Auguat  13 

3,18 
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6  69 

*  On  Auput  10,  the  day  before  starting  the  second  fut,  he  coiuumed  the  fol- 
lowing quantity  of  food:  )  pint  creun;5  ouncei  maple  sugar;  10  bananas;  1  apple; 
9  oranges;  1  pound  cherries;  1]  pound  grapes;  2  cantKloupee;  3  lemons;  1  tomato; 
I  quartered  raapbenies;  3  ice  cre»in  "sundaes;"  25  cc,  water. 
143 


d  by  Google 


144  A.   J.  CABLBOH 

F.  The  mouth  eondilum.  In  the  first  faating  period  Mr.  H.  noted  a 
dist^eeable  or  foul  taste  in  the  mouth,  coated  tongue  and  tenderness 
of  the  gums  (spontimeous  bleeding  or  bleeding  on  rubbing  the  giims 
with  the  toi^^e).  These  conditions  persisted  throughout  the  fastii^; 
period  and  undoubtedly  modified  or  suppressed  his  appetite  for  food  as 
appetite  involves  the  memory  of  pleasant  gustatory  and  olfactory 
sensations. 

Similar  mouth  conditions  developed  during  the  second  fast,  August 
1 1  to  18.  They  are  not  due  to  lack  of  salivation  or  to  neglect  of  common 
mouth  hygiene. 

G.  General  mental  condition.  The  prevailii^  feeling  during  both  fast- 
ing periods  was  one  of  gradually  increasii^  weakness.  The  d^ree  of 
depression  varied  from  day  to  day,  but  the  expreasitms,  "feel  all  in"  or 
"ail  f^K^  <>ut"  recur  ^;aia  and  i^ain  in  his  diary.  This  depression 
was  evident  both  in  his  mental  and  physical  behavior.  A  certain  de- 
gree of  mental  disturbance  by  the  fasts  is  also  indicated  by  the  fact  that 
Mr.  H.  became  readily  provoked  and  discouraged.  But  despite  the  ' 
feeling  of  weakness  the  mind  was  frequently  unusually  clear. 

His  sleep  was  frequently  disturbed  by  the  hunger  pangs,*  by  headache 
and  by  vasomotor  irregularities  ("hot  flashes").  He  was  not  able  to 
sleep  at  all  when  the  hunger  contractions  were  severe. 

Mr.  H.  was  convinced  that  his  sense  of  smell  became  more  acute  dur- 
ing the  fasts.  The  odor  of  foods  was  the  most  potent  stimulus  to  ap- 
petite.    Sex  interest  and  sex  emotions  were  depressed. 

SUMHARy  ANn   CONCI-USIONS 

1.  During  the  fifteen  days'  complete  fast  and  the  subsequent  eight 
days  of  abstinence  from  food  with  daily  ingestion  of  cotton  fiber,  the 
gastric  hunger  contractions  of  Mr.  Hoelzel  continued  with  practically 
normal  rhj'thm  and  intensity,  but  the  subjective  sensations  induced  by 
the  gastric  contractions  appeared  to  be  somewhat  weakened  and  tinged 
with  an  element  of  general  epigastric  distress  or  sick  stomach.  The 
view  that  the  hunger  mechanism  fails  early  in  prolonged  fasting  is  there- 
fore not  tenable  as  a  general  law. 

2.  The  appetite  sense  or  desire  for  food  was  modified  or  obscured  by  a  • 
tendency  to  a  persistent  bad  taste  in  the  mouth  that  developed  during 
the  fast.    But  Mr.  Hoelzel  states  that  the  dominant  element  in  con- 
sciousness durii^  the  fast  was  nevertheless  thoi^t  of  food  and  eating. 

3.  The  contents  of  the  empty  stomach  and  the  continuous  gastric 
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juice  secretion  during  the  fasts  show  a  tendency  to  a  slight  increase  in 
acidity  and  greater  frequency  of  regurgitation  of  duodenal  contents  into 
the  stomach,  but  there  is  no  significant  increase  in  secretion  rate  over 
that  of  the  control  periods.  In  other  words,  the  normal  process  of  con- 
tinuous gastric  secretion  of  the  empty  stomaoh  in  not  noticefU>Iy  aug- 
m^ited  in  prolonged  starvation. 
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ADDENDUM 

Chicago,  September  I,  1BI7.* 
Dr.  A.  J.  CarUon, 

Chicago,  III. 
Deab  Sir: 

As  I  may  not  find  it  convenient  to  resume  some  of  the  past  experimentation 
at  a  later  date  I  am  taking  this  occasion  to  give  a  summary  of  the  feelings  or 
ideas  which  have  prompted  me  to  take  the  somewhat  irregular  courae  regarding 
feeding  and  fasting  in  the  past  few  months. 

The  first  week  (the  control)  fairly  represents  my  feeding  habits  during  the 
previous  three  months — with  the  exception  that  on  Sundays  and  holidays  I 
always  began  eating  within  an  hour  or  two  after  rising.  In  order  to  hold  to  the 
recidM  represented  I  would  ordinarily  need  to  be  occupied  with  work  inTolving 


*  At  the  end  of  six  weeks  of  hard  physical  labor  (harvesting).    On  this  date 
Mr.  H's  body  weight  was  61.84  kgm. 
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partly  physical  actiTitjr  so  aa  to  distract  my  attention  from  the  praoticaily 
conatont  mild  headaohee  and  abdominal  pains  (gaatrio  and  other}. 

My  firet  fast  (fifteen  days)  was  taken  and  carried  to  the  end  of  the  fifteenth 
day  mainly  because  I  felt  that  I  bad  pledged  myself  to  go  without  food  that 
long.  If  no  one  but  myself  had  knowledge  of  this  resolve  I  believe  that  the 
general  weakening  and  depression  would  have  led  me  to  stop  before  the  sixth 
day,  I  never  carried  a  pure  fast  longer  than  four  days  when  no  one  else  knew 
my  intentions. 

Although  I  entertained  the  secret  hope  of  fasting  continuously  for  thirty 
days  or  more  I  began  eating  on  the  sixteenth  day  to  get  rid  of  the  depression 
and  weakness.  I  also  discontinued  this  fast  because  I  expected  to  find  fasting 
more  agreeable  later  while  using  cotton  fiber.  As  the  fast  progressed  there 
developed  a  growing  conviction  or  feeling  that  food  would  be  agreeable,  but 
this  indication  of  hunger  seemed  to  be  overshadowed  by  the  general  depression, 
weakness  and  foul  mouth  condition. 

The  eight-day-faet  (using  cotton  fiber)  with  and  without  my  own  gastric 
juice)  is  the  longest  fast  I  have  taken  where  I  felt  that  I  was  free  to  stop  as  soon 
as  it  became  disagreeable.  If  I  had  not  been  underw,eight  with  the  disagreeable 
experiences  of  the  firet  fast  fresh  in  mind,  I  might  have  continued  this  fast  much 
longer. 

My  subsequent  attempts  to  use  only  lemon  juice,  etc.,  with  fiber  could  not 
be  carried  out  because  it  seemed  that  the  small  amount  of  nutriment  used  coaxed 
the  appetite  or  hunger  and  made  it  harder  to  abstain  from  more  substantial  food. 

As  already  indicated  in  earlier  discussions  with  you  I  believe  that  the  so- 
called  hunger  pangs  or  intense  gastric  contractions  are  not  an  indication  of 
hunger  but  reflect  a  more  or  less  abnormal  gastro-intestinal  condition.  It 
seema  to  me  that  hunger  has  mainly  a  psychic  or  mental  indication  originating 
from  the  chemical  blood  and  tissue  state.  However  this  mental  hunger  may  be 
intensified  by  gastric  contractions.  The  contractions  impress  me  as  a  form  of 
local  pain  when  hunger  (mental)  is  vague  or  absent. 

A  muscular  or  tissue  sense  of  hunger  may  be  indicated  by  the  feeling  of  empti- 
ness which  is  particularly  prominent  the  first  few  days  of  fasting.  But  as  this 
feeling  disappears  as  the  fast  progresses  (probably  by  readjustment  of  muscle 
and  tissue  tone  over  the  abdomen)  I  believe  this  is  abnormal  (habit  hungerT>. 
However  hunger  appears  to  be  a  complex  phenomenon  which  can  probably  be 
separated  into  hunger  for  proteins,  for  carbohydrates,  etc.,  as  it  does  not  seem 
as  though  satiety  can  be  produced  until  all  the  elements  of  hunger  indicated  at 
any  time  are  satisfied  by  the  amount  and  kind  of  food  craved. 

The  foregoing  opinioh  of  what  hunger  is  does  not  prevent  me  from  making 
attempts  to  allay  the  gastric  pangs.  The  most  simple  and  direct  method  is  to 
stop  these  intense  contractions  by  eating  food,  whether  hungry  or  not.  But 
as  eating  without  hunger  makes  gastro-intestinal  conditions  worse  it  has  seemed 
wiser  to  allay  the  pangs  by  taking  some  food  substitute,  as  cotton  fiber,  etc. 
And  as  I  believe  that  the  gastric  contractions  would  go  on  without  affecting  con- 
sciousness under  ideal  physiological  gastro-intestinal  conditions,  I  attempt  to 
regain  this  state  hy  fasting,  adjostmeut  of  diet,  etc. 

Respectfully  yours, 

Prkdbrick  Hoblibi.. 
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AEQUIRADIO-ACTIVITY 

H.  ZWAARDEMAKER 

From  fb  Phytiotogxeal  Department,  The  Univerrity,  Utreeht,  Ifelhtrland* 

Received  for  publicBtion  October  3,  1SI7 

It  IB  roitarkable  that  the  animal  tisaues  are  made  up  of  a  com- 
paratively small  number  of  elements.  All  in  all  there  are  twelve 
(of  the  first  Mendejeleff  group  H,  Na  and  K;  of  the  second  Mg  and  Ca; 
of  the  fourth  C;  of  the  iifth  N  and  P;  of  the  sixth  0  and  S;  of  the 
seventh  Ct,  and  of  the  eighth  Ft).  Two  of  them  possess  a  very  char- 
acteristic atomic  property,  which  no  doubt  enables  thera  to  exert  an 
influence  of  their  own.  They  are  iron,  which  is  ferro-magnetic,  and 
potassium,  which  is  radio-active. 

The  ferro-magnetism  of  iron  is  often  concealed  in  the  compounds 
(also  in  those  in  which  iron  occurs  in  the  human  body,  namely,  hemo- 
globin) behind  the  diamagnetism  of  the  other  atoms,  so  that  the  whole 
complex  becomes  diamagnetic  again.  The  radio-activity  of  potassium, 
however,  remains  in  the  compounds  so  that  it  may  be  expected  to 
reveal  itself  in  the  organism  anywhere  and  at  any  time. 

True,  the  radio-activity  in  potassium  is  but  little  pronounced. 
According  to  the  discoverer,  N.  R.  Campbell,  (1)  it  renders  a  photo- 
graphic plate  appreciably  black  only  after  fifty-six  days.  It  tstaiin 
exclusively  ^rays  of  a  hi^  penetrating  power,  but  their  number  is  so 
small  that  the  ionising  power  exerted  by  a  layer  of  potassium-salt 
upon  the  air  of  the  ionising  chamber  is  a  thousand  times  lower  than 
that  of  a  similar  layer  of  uranium-oxid,  insofar  as  the  iS-radiatioo  is  con- 
cerned, tt-rays  are  not  emitted  by  potassium  at  all,  so  that  potas- 
sium-ealt,  unlike  uranium-salt,  in  such  an  experiment  need  not  be 
screened  from  the  ionising  chamber  by  tinfoil. 

Upon  the  boais  of  theae  facts  it  is  poaeible  to  eatabliah  by  calculation  th-- 
inteiuitv  of  the  radio-active  radiation  of  thia  element  to  be  found  in  all  ani- 
mal tiuuea,  which  detennination  is  of  great  moment  for  physiology.  The 
ioniaing-power  of  potassium  is  one  thousand  times  weaker  than  that  of  ura-  ' 
aium  which,  in  its  turn,  is  again  about  a  million  times  weaker  than  radium. 
The  more  correct  ratio  is  4;  10*  (thousand  millioiis)  (2).  But  the  radium  under 
147 


d  by  Google 


148  H.    ZWAARDEUAKBR 

discuosion  contained  the  elemeute  to  which  it  is  progressively  couverted.  It« 
radio-activity,  irrespective  of  the  accessary  products,  is  estimated  at  1.38  X  10' 
erg  per  second  and  per  gram.  The  ^rays  come  in  for  3.2  per  cent  or  4.4  X  lO' 
erg  per  second  (3).  This  was  the  ff-energy  with  which  we  had  to  do  in  the 
determination  of  the  ionising-power  through  aluminium  foil.  To  establish  the 
ionising-power  of  potaaaium  we  must  divide  the  energy-quantum  of  radium  by 
250,000.000,  the  result  being  17.6  X  10-' erg  per  second.  This,  however,  appUea 
only  to  the  case  when  the  ^rays  of  potassium  are  of  the  same  penetrating  power 
aa  those  of  radium.  It  is,  however,  eight  times  stronger  and  the  energy  of  each 
ray  about  four  timee  greater.  Conaequently  the  energy-value  per  gram  of 
metal  rises  for  potaaeium  to  7  X  10~<  erg  per  second.  Meanwhile  we  have  still 
to  correct  an  error,  for  in  our  calculation  we  presumed  to  have  to  do  with 
pure  radium  (4)  whereas  we  actually  worked  wifh  radium  and  accessory  products 
when  the  parallel  was  drawn.  The  energy  of  this  radium  is  supposed  to  be 
fifty  times  that  of  pure  radium  (4).  The  energy  of  one  gram  of  potassium  lies, 
according  to  my  calculation,  in  the  neighborhood  of  3.5  X  10~'  erg  per  second. 
Should  it  be  supposed  that  the  considerable  penetrating  power  of  the  potassium^ 
radiation  is  not  sufficiently  established,  or  that  it  ought  not  to  be  taken  up  in 
the  calculation,  the  last  value  is  reduced  to  0.8  X  10^'  erg.  In  our  case  we  took 
the  round  value  of  3.10"'  erg. 

Closely  allied  to  the  radio-activity  uf  potassium  is  that  of  rubidium. 
A  salt  of  this  metal  renders  the  photographic  plate  black  in  one  hun- 
dred days  (5).  The  ionising-power  is  one  five-hundredths  that  of 
uranium-oxid  for  ^rays  (6).  The  two  light  metals  have  in  common 
that  each  of  them  gives  off  exclusively  negative  particles.  According 
to  Rutherford,  this  absolute  lack  of  a-radiation  precludes  the  hy- 
pothesis that  heavy  radio-active  elements  are  at  the  bottom  of  the 
phenomenon.  Nor  does  the  exposure  to  the  action  of  light  modify  in 
any  way  the  radio-activity  peculiar  to  potassium  and  rubidium. 

The  ionising-power  of  rubidium  being  one  five-hundredth  of  that  of  uranium- 
oxid  through  tinfoil,  the  energy  of  1  gram  cf  rubidium  would  be  aa  great  aa  that 
of  about  1  gram  of  potassium,  if  not  the  pene'rating  power  were  found  to  be 
ten  times  smaller  (Campbell).  Id  this  connection  I  think  the  energy  of  1 
gram  of  rubidium  is  to  be  fixed  upon  2  X  I  X  3.5  X  ia~'  erg  per  second  or 
about  1.7  X  I0~'  erg  per  second.  So  the  number  of  the  (J-rays  sent  out  by  ra- 
dium ia  larger  indeed  but  their  effect  is  slighter  because  the  velocity  of  the 
mobile  negatively- charged  i)article  is  less. 

The  heavy  radio-active  elements  are  not  found  in  the  animal  body 

unless  they  have  been  purposely  introduced.     Abo  rubidium  fails. 

,  As  a  radio-active  element,  therefore,  potassium  stands  entirely  by 

itself  in  the  organism,  so  that  the  question  arises  whether  any  specific 

effect  can  be  detected. 
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With  the  intention  to  collect  the  necessary  data  to  settle  this  quee- 
tion,  I  enjoined  my  assistant,  Mr.  T,  P.  Feenstra,  to  ascertain  whether 
in  the  artificial  circulating  fluids  of  S.  Kinger  and  his  followers  potas- 
aiiun  could  be  replaced  by  the  other  radio-active  elements.  A  similar 
investigation,  but  not  guided  by  radio-activity,  had  been  previously 
made  by  Ringer  (7)  himself  for  the  first  group  of  Mendejeleff  and  he 
compared  his  results  with  those  obtained  with  potassium  in  aequi- 
molecular  concentrations.  Rubidium  proved  to  be  the  only  element 
that  answered  the  purpose.  Our  new  point  of  view  now  urged  us  to 
work  not  with  aequimolecular  but  with  aequiradio-active  dosages.  We 
therefore  calculated  as  well  as  we  could,  in  the  way  indicated  above, 
the  radio-activity  of  the  potassium  and  the  rubidium  that  occurs  in 
Ringer's  solutions  and  subsequently  measured  the  doses  of  the  other 
radio-active  elements  to  be  examined,  so  as  to  make  their  total  radio- 
activity agree  with  that  of  the  potassium  doses.  The  a-,  the  &-  and  the 
Y-rays  were  taken  together,  as  it  seemed  to  me  hardly  judicious  to 
make  an  a  priori  selection  of  one  of  them.  Most  helpful  was  Ruther- 
ford's excellent  textbook  containing  direct  indications  about  the  total 
radio-activity  of  uranium,  thorium  and  radium,  so  that  there  was  no 
necessity  to  calculate  them  in  our  own  clumsy  way.  This,  indeed, 
evolved  a  seeming  inconsistency  in  the  calculated  K-  and  Rb-values 
on  the  one  hand  and  the  physically  detei^ined  U-  and  Th-val«es  on 
the  other.  Moreover,  experimentation  had  to  decide.  Starting  from 
the  values  we  had  calculated,  Mr.  Feenstra  patiently  and  tactfully 
tried  to  find  the  practicable  doses.  After  some  shilly-shallying,  my 
coworkers  fait  upon  the  following  metal-doses  per  litre  of  circulating 
fluid,  that  is  applied  to  the  Kroneckered  frog's  heart  (winter  frog)  (8): 

lUetal  doMt  in  milligrams  per  UUr 
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In  our  estimation  the  following  energy-quanta,  correspond  to  these 
metal  doses  (9): 


Eneray-quanta  tome  in 
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It  will  be  seen  that  the  metal  doses  are  not  perfectly  aequiradio- 
active.  They  are  of  the  Bame  order,  though.  It  should  not  be  for- 
gotten, however,  how  they  originated,  viz.,  first  theoretical  conjecture, 
then  experimental  searching.  The  said  metal  doses  were  contained  in 
the  following  amounts  of  salt: 

PotasBtum  in  100  mgm.  KCl  per  litre 53  mgm. 

Bubidium  in  150  iukqi.  KCl  per  litre 105  mgm. 

Uranium  in  25  mgm.  UOi  <NOi)t  per  litre' 12  mgm. 

Thorium  in  50  mgm.  Th  (NO,)«per  litre 24  mgm. 

Radium  in  5  micromgm,  radium  salt  per  litre 3  micromgm. 

Besides  the  radio-active  ingredients  they  were  in  S.  Ringer's  artifi- 
cial circulation  fluids. 

Calcium  chlorid* 200  mgm. 

Sodium  bicarbonate 200  mgm. 

Sodium  cblorid 7  grams 

Water 1000  grama 

These  five  artificial  circulatory  fluids  can  keep  the  isolated  Kroneck- 
ered  frog's  heart  (winter  frog)  beating  for  hours.  It  is  decidedly 
necessary,  however,  to  take  one  precaution:  in  passing  from  one  fluid 
to  another,  to  pasa  through  a  solution  quite  free  from  potassium. 

We  proceeded  as  follows:  First  the  Kronecker  inflow-cannula,  "4 
double  courant,"  was  slipped  into  the  sinus  venosus.  The  ligation 
was  then  performed  midway  between  sinus  and  atrioventricular  boimd- 
ary.  It  now  seemed  as  if  the  heart  had  been  tied  up  by  Stannius 
ligatures  and  so  we  had  to  make  sure  of  the  heart  beating  forcibly  and 
regularly  for  a  quarter  of  an  hour.  It  was  accordii^y  suspended  after 
Gaskell-Engelmann  and  registered  graphically,  if  necessary.  Then 
followed  a  circulation  with  common  Ringer's  mixture  deprived  of 
potassium-salt.  The  result  was  a  more  or  less  abrupt  or  a  gradual 
standstill  in  diastole,  on  the  average  after  a  half  hour.  Great  atten- 
tion was  given  to  the  utmost  purity  of  the  various  salts  and  above  all 
due  care  was  taken  to  use  a  real  potassium-free  Ringer's  solution  when 
procuring  the  standstill  of  the  heart.  This  was  far  from  easy  as 
commercial  sodium  chlorid,  even  when  obtained  in  a  supposed  pure 
condition  of  well-known  factories,  mostly  contains  potassium.  In  this 
procedure  the  colorimetrical  method  recommended  by  Howell  and 

>  Inclusive  of  water  of  crystal  I  ieat  ten. 

*  Sometimes  quite  free  from  water,  then  again  with  25  per  cent  water. 
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Duke  (10)  stood  ub  ia  good  stead.  We  deemed  it  sufficient  if  the 
potasBium-free  mixture  contained  less  than  1  mgm.  of  potassium  per 
litre.* 

The  precaution  indicated  above  is  indifipensable  for,  if  omitted, 
the  forcibly  beating  heart  will  cease  its  pulsations  directly  when  a 
K-  or  Rb-fluid  is  succeeded  by  one  with  the  heavy  metals  or  the  reverse. 
The  light  and  the  heavy  metals  may,  however,  be  interchanged  with- 
out a  potas8ium>free  interval.  This  does  not  interfere  with  a  continu- 
ance of  the  regular  and  forcible  pulsation.  The  solutions  may  even 
be  mixed  in  equal  amounts.  Contrariwise,  if  one  administers  a  mix- 
ture in  equal  amounts  of  a  Ringer's  solution  with  light  metal  and  a 
Ringer's  solution  with  heavy  metal,  the  heart  will  come  to  a  complete 
standstill  at  once  (11)  if  one  should  experiment  with  the  fresh  organ 
or  after  a  short  potassium-free  circulation.  This  I  have  named  "the 
first  paradox"  of  the  three  that  we  have  encountered  in  this  study  (12), 

A  heart  accidentally  brought  to  a  standstill  in  one  of  theee  pro- 
cedures resumes  its  action  the  moment  when  the  interfering  fiuid  has 
been  replaced  by  one  that  has  been  deprived  of  potassiimi  and  uranium 
both.  During  the  standstill  the  susceptibility  to  a  mechanical  stimulus 
is  most  often  retained.  A  peculiarity  regarding  electrical  stimuli  has 
been  described  by  us  in  detail  in  a  previous  paper  (13). 

As  indicated  at  the  beginning,  we  tried  to  find  out  whether  in  the 
artificial  circulating  fluid  the  potassium  is  to  be  substituted  by  the 
other  radio-active  el^nents.  This  we  foimd  to  be  the  case.  The 
remarkaUe  aequi-activity  manifesting  itself  in  the  appropriate  doses 
gave  rise  to  the  presumption  that  the  substituticn  is  feasible  only  on 
the  ground  of  the  radio-active,  atomic  property  of  these  elements  and  is 
not  to  be  ascribed  to  any  other  factor.  This  also  led  us  to  try  the 
addition  of  emanation  to  the  potassium-free  Rmger's  mixture.  A 
quantum  of  100  Mache-units  proved  to  yield  a  positive  result.  More- 
over here  also  the  first  paradox  was  obtained,  so  that  we  could  place 
emanation  on  the  same  level  with  the  heavy  radio-active  metals  that 
in  previous  experiments  we  had  added  to  the  artificial  circulating  fluids. 

It  seems  to  me  that  an  important  conclusion  may  be  deduced  from 
the  experiments  with  radium-containing  fluids  and  those  with  ema- 
nation. Apparently  the  influence  that  comes  into  play  here  is  of  a 
different  nature  from  that  dominating  the  famous  experiments  on 

■  Id  tome  experiments  potasaium  was  present  to  the  amount  of  2.5  mpn. 
per  litre. 
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bakncing  ions  of  J.  Loeb  (14)  and  his  coworkers,  as  ia  evideat  from 
the  fact  that  the  mass  may,  so  to  speak,  be  eliminated  both  in  the  case 
of  radium-salt,  which  was  added  only  to  an  amount  of  5  micromgm. 
(5  X  I0~*  gram)  per  litre,  and  in  the  case  of  emanation.  If  the 
balance  is  caused  by  the  concourse  of  mass  effects  between  the  various 
ions,  in  regard  to  the  proteins,  when  there  are  no  masses  the  influence 
of  chemical  affinities  and  valences  cannot  clinch  the  matter.  In  this 
case  there  are  no  masses,  consequently  we  have  to  seek  the  influence  at 
play  elsewhere.  Nevertheless  in  others  when  the  quanta  are  easily 
measurable,  with  uranium  as  well  as  with  thorium,  the  balancing  pow^ 
remains.  When  the  calcium  in  the  circulatii^  fluid  was  augmented, 
the  uranium  and  the  thorium  doses  had  to  be  increased.  Nay,  even 
the  mixture-ratios  between  potassium  and  uranium  which,  being  mutu- 
ally antagonistic  caused  a  standstill  instead  of  automaticity  of  the 
heart,  were  sightly  modified  under  the  influence  of  the  calcium  (15). 
Also  balancing  appeared  when  calcium  was  replaced  by  strontium. 
W.  H.  Jollea  (16)  established  this  by  testing  the  electrocardiogram  as 
well  as  the  movements.  With  strontium  in  place  of  calcium,  circu- 
lating fluids  may  be  made  from  the  radio-active  elements,  in  which  the 
entire  frog's  heart  excised  from  the  body,  continues  to  beat  yielding  a 
normal  electrocardiogram.  W«  started  similar  experiments  with  sum- 
mer frogs  but  did  not  complete  them.  Evidently  the  composition  of 
the  circulating  fluid  has  to  be  modified.  The  calcium  content  has  to 
be  increased  a  little  (to  250  mgm.)  per  litre  exclusive  of  the  water  of 
crystalhzation)  whereas  the  potassium  content  is. to  be  largely  dimin- 
ished (from  100  mgm.  of  potassium  chlorid  to  30  or  50  mgm.  per  litre). 
In  the  same  way  in  summer  frogs  the  uranium  or  the  thorium  content 
is  to  be  diminished  (from  25  mgm.  of  uranium  salt  to  5  mgm.  and 
from  50  mgm.  thorium  salt  to  10  mgm.  per  litre).* 

The  foregoing  renders  it  more  and  more  probable  that  the  bene- 
ficial influence  of  potassiun  in  Ringer's  circulating  fluid  is  due  to  the 
radioactivity  of  the  element.  Positive  certainty  may  be  obtained 
through  mesothorium-  and  radium-radiation. 

Together  with  C.  E.  Benjamins  and  T.  P.  Feenstra  (17>,  I  made 
initially  thirty-four  experimente,  afterwards  a  larger  number,  in  which 
the  Kroneckered  frog's  heart  was  exposed  to  a  short-distance  radiation. 
The  heart  had  beforehand  been  deprived  of  its  diff'usible  potassium  by 
allowing  a  potassium-free  fluid  to  run  through  it  until  a  standstill 

*  S.  de  Boer  will  publish  these  uperiinenta  more  fully. 
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CDSued.  ,  This  precaution  is  essential  for  if  the  diffusible  potassium  is 
not  removed  at  all  or  only  in  part  by  employing  a  fluid  whose  salts  are 
contaminated  with  potassium  or  a  fluid,  originally  free  of  potassium, 
that  has  been  contained  in  phials  of  common  glass,  which  gives  off 
potassium,  the  radiation  is  ineifectual.  As  the  conditions  are  arranged 
well,  however,  the  otherwise  irrecoverably  motionless  heart  is  seen  to 
recover  its  contractility  abruptly,  forcibly  and  regularly  after  half  an 
hour's  radiation  when,  as  was  done  by  us,  3  mgm.,  5  mgm.  or  6  nigm. 
of  radium,  respectively,  meaothoruim  is  applied.  The  radiation- 
times  for  the  various  cases  depend  entirely  on  the  past  history  of  the 
organ  (natural  frequency  of  the  pulsations;  velocity  of  circulation; 
the  tonus,  in  consequence  of  which  the  lacunae  are  more  or  less  open; 
the  time  required  by  the  heart  to  stop  its  beats  through  deprivation 
of  diffusible  potassium,  etc.).  The  duration  of  the  renewed,  perfectly 
normal  rhythm  is  also  varying.  A  prolonged  radiation  generally 
evolves  a  secondary  standstill. 

It  will  be  imderstood  that  during  the  experiment  the  circulation 
with  potassium-free  Ringer's  solution  goes  on  unintermitlKntly.  Jan- 
nink  (18)  found  that  in  those  cases  about  1  mgm.  of  potassium  per 
litre  from  the  heart  is  added  to  the  circulating  fluid.  In  some  degree 
a  continual  mobilization,  therefore,  takes  place  of  the  potassium  from 
the  solid  form  in  which  it  occurs  in  the  muscle'  to  the  diffusible  form. 
There  is  no  appreciable  difference  in  this  respect  between  winter  and 
summer  frogs.  In  either  case  the  outflowing  liquid  hardly  contains 
any  potassium  when  at  the  inflow  it  was  potassium-free. 

When  recovery  has  been  effected  through  radiation,  it  is  not  difiB- 
cult  to  render  visible  "the  second  paradox"  that  we  encountered  in 
the  course  of  our  experiments.  It  consists  in  the  arrest  of  the  cardiac 
action  directly  when,  instead  of  potassium-free  mixture,  the  original 
Ringer's  solution  has  been  administered.  During  the  initial  pulsations 
this  paradoxical  pheiomenon  is  still  absent,  but  after  about  twenty  or 
thirty  pulsations  it  is  sure  to  make  its  appearance.  After  the  fluid, 
free  from  potassium,  is  aUowed  to  run  through,  the  heart  recovers  it- 
self. This  induced  us  to  believe  that  the  normal  amount  of  potassium, 
suddenly  entering  the  heart-cells,  evolves  in  it  a  quantum  of  radio- 
activity that,  together  with  the  electricity  already  accumulated  through 
radiation,  increases  to  an  extent  that  is  incompatible  with  a  normal 
automaticity.    For  the  same  reason  the  standstill  in  diastole  occurs 
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which  is  famihar  to  us  from  potaseitini-intoxication.  The  ruction  is 
reversible.  Circulation  with  potassium-free  Ringer's  solution  restores 
the  beats  rather  soon. 

In  this  connection  it  is  a  question  of  vital  importance  to  know  the 
quanta  of  radio-activity  concerned  in  such  cases.  A  certain  quan- 
tum most  Ukeiy  causes  contractility.  Maybe  double  that  quantity 
proves  to  be  too  much.  The  adequate  quantum  can  no  doubt  be  com- 
puted from  the  circulation  experiments  with  Ringer's  mixture  to  which 
is  added  5  micromgm.  of  radium-salt  so  that  per  litre  and  per  second 
41  X  I0-*  erg  is  sent  through.  However,  at  the  most  only  0.0001 
litre  passes  per  second.  Then  the  quantum  of  energy  that  causes 
recovery  is  at  any  rate  less  than  4  X  10~^  erg.  With  this  we  ap- 
proach the  energy  quanta  capable  of  stimulating  our  senses  close  to  the 
threshold.  Thus  the  result  of  this  calculation  does  not  seem  to  be 
improbable  (19). 

The  results  of  the  experiments  with  potassium-uranium  mixtures, 
reported  above,  have  induced  me  to  study  the  behavior  of  uranium 
hearts  towAd  radiation.  They  cannot  stand  radiation.  After  a  short 
interval  the  rhythm  ceases  to  return  again  after  the  removal  of  ra- 
dium (or  mesotborium).  Such  experiments  succeed  best  when  start- 
ing from  a  potassium-uranium  equilibrium,  i.e.,  a  condition  in  which 
the  heart  does  not  beat  because  it  is  fed  with  a  Ringer-solution  that 
contains  antagonistic  amounts  of  potassium  and  uranium.  We  took 
per  litre  40  mgm.  of  potassium  chlorid  and  10  mgm.  of  uranyloitrate 
(inclusive  of  the  water  of  crystallization)  in  the  hearts  of  winter  frogs; 
and  30  to  50  mgm.  of  potassium  chlorid  and  5  mgm.  of  uranyloitrate  in 
the  hearts  of  summer  frogs.  A  heart  in  a  state  of  complete  quiescence 
and  relaxation,  fed  with  such  a  solution  for  some  time,  say  fivemin- 
utea,  will  resume  its  beats  in  a  comparatively  short  time  when  radium 
or  Diesothorium  is  brought  close  to  it.  Upon  increasing  the  uraniura- 
dosis  in  the  fluid  by  slow  degrees,  the  cardiac  action  is  soon  arrested 
again  and  will  recommence  once  more  on  further  uranium  increment. 
So  there  is  a  radiation-uranium  antagonism  in  the  same  sense  as  there 
is  a  potassium-uranium  antagonism.  Quantitative  relations  (20)  may 
even  be  traced  between  the  distances  of  the  radium  or  the  mesothorium 
and  the  amounts  of  uranium  used  to  counteract  them.  No  account  is 
taken  here  of  time  relations,  the  gist  of  the  matter  being  the  distances 
and  the  uranium-quanta.  Those  distances  are  surprisingly  small,  all 
falling  within  1  cm.  Furthermore,  the  uranium-quantum,  taken  as  a 
counterpoise,  is  considerably  diminished  by  placing  thin  aluminium 
screens  between  mesothorium  and  heart.    I  inferred  from  these  ex- 
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periments  that  the  biological  activity  is  due  to  the  extremely  weak 
^rays  shot  out  by  the  radium  and  the  meaothorium. 

In  the  radiation  experiments  just  made  mention  of,  in  which  radia- 
tion was  contrasted  with  the  uranium  administered  internally,  we 
have  encountered  a  third  paradox.  A  prolonged  experiment,  in  which 
an  overbalance  of  radiation  or  of  uramimi  has  alternately  been  acting 
on  the  heart,  evokes  a  paradox  different  from  the  two  paradoxes  we 
have  hitherto  met.  The  heart  will  ultimately  stand  still  as  well  with 
a  normal  Ringer's  solution  as  with  that  containing  uranium,  and 
nevertheless  pulsate  with  a  potassium-free  circulating  fluid.  In  a 
numb^  of  such  cases  this  paradoxical  behavior  has  been  overcome  by ' 
ED  excessively  lai^  uranium-dosis. 


In  summarising  the  above  we  arrive  at  the  conclusion  both  simple 
and  startling  that,  provided  that  only  radio-active  quanta  be  taken, 
all  radio-active  elements  administered  to  the  isolated  heart  internally 
are  capable  of  sustaining  the  automaticity.  So  is  also  radiation,  with 
the  understanding  that  it  is  applied  in  a  certain  dosage.  In  some  of 
these  cases  o-rays  come  into  play,  in  others  ^rays.  Both  are  active, 
but  when  acting  in  conjunction  they  counterbalance  each  other.  Ob- 
viously  it  is  the  electric  charge,  imparted  by  the  a-  and  ^-particles,  to 
which  the  results  are  to  be  ascribed.  Whether  the  r-rays  also  come 
into  operation  I  dare  not  decide. 

Recently  also  a  screen-effect  of  the  diffusible  potassium  has  shown 
itself.  Excess  of  radiation  is  detrimental  to  the  heart  that  is  free 
from  potassium,  but  harmless  for  a  heart  that  has  been  fed  with  nor- 
mal Ringer's  solution.  The  non-diffusible  potassium  of  the  heart 
muscle  is  wanting  in  a  screen-effect.  It  seems  to  have  in  our  sense  no 
perceptible  working  at  all. 

The  hypothesis  that  the  significance  of  radio-activity  for  the  auto- 
maticity of  the  heart  rests  on  the  application  of  an  electric  charge  has 
occasioned  a  number  of  new  experiments.  They  have  brought  to  light 
that  a  galvanic  current  arrests  a  beating  uranium  heart  suddenly  and 
t«mporariIy,  leaving  it  in  a  state  of  utter  relaxation,  and  that  in  such 
a  uranium  heart  extrasystoles  can  be  generated  only  by  mechanical 
stimuli  (not  by  induced  electrical).  We  meet,  however,  with  many 
theoretical  difficulties.  So  aequiradio-activity  is  equivalency  of  energy, 
but  electrical  charge  is  a  factor  of  quantity  in  energy.  The  dimensions 
are  not  the  same. 
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It  has  also  been  proved  that  the  effect  of  radio-activity,  in  the  case 
described  above,  is  decisive  not  only  for  the  automaticity  of  the  heart 
but  also  for  a  number  of  other  functions.  In  my  laboratory  this  has 
been  established  for  the  vascular  endothelium  (21),  for  the  irritability 
of  the  muscle,  directly  and  indirectly  (22),  recently  for  the  intestinal 
movements  (with  a  reservation  though),  for  the  regulating  functions 
of  the  extracardiac  nerves  (23) ,  and  in  the  laboratory  of  Hamburger  (24) 
for  the  glomerulus-epithelium. 

The  results  described  induced  me  to  project  a  provisory  working- 
hypothesis,  which  was  communicated  by  me  on  the  Congress  of  Dutch 
Physiologists  in  Amsterdam,  December,  1916.  It  served  me  and  my 
coworkers  for  guidance  and  is  given  a  brief  exposition  in  Ned.  Tijdschr. 
voor  Geneeskunde,  1917,  i.  1178. 
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I.    INTRODUCTION 

Ascidia  atra  is  a  large  tunicate  possesaiDg  an  opaque,  blue-black  t«st. 

It  ifl  common  in  the  Bermuda  Islands  and  may  be  collected  in  sufficient 

numbers  for  experimentation  in  the  immediate  vicinity  of  Agar 's  Island. 
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In  the  previous  papers  of  this  series  (Hecht,  '18  a  and  '18  b),  and  in  aa 
earlier  paper  (Hecht,  '16),  the  activities  of  this  species  have  been  de- 
scribed. The  reader  is  referred  to  these  accounts  of  the  general  and  sen- 
sory physiology  for  the  more  important  aspects  of  the  life  of  Ascidia. 
The  vascular  system  of  Ascidia  atra  consists  essentially  of  an  airauge- 
ment  of  continuous  cavities  within  which  the  blood  is  kept  in  constant 
movement  by  the  contractions  of  a  muscular  heart.  By  means  of  this 
shifting  of  the  blood,  the  respiratory,  nutritive  and  secretory  products, 
which  are  produced  by  the  activities  of  different  portions  of  the  organ- 
ism, are  made  available  for  their  general  and  local  utilization.  As  a 
result,  any  adequate  consideration  of  the  physiologic  relations  of  the 
vascular  supply  would  mean  a  treatment  of  almost  the  complete  physi- 
ology of  the  animal.  To  avoid  this  I  propose,  therefore,  to  treat  the 
blood  system  merely  as  an  organic  mechanism  by  itself,  and  to  describe 
as  far  as  possible  the  physiology  of  the  tissues  and  organs  which  compose 
it. 

II.      BLOOD 

1.  Path  of  blood  stream.  The  cavities  through  which  the  blood  flows 
represent  those  remains  of  the  primitive  blastocoel  of  the  embryo  which 
have  not  become  fliled  with  conbiective  tissue  strands  and  jelly.  In  the 
targe  monascidians,  to  which  A.  atra  belongs,  the  connective-tissue  cells 
near  the  blood  spaces  arrange  themselves  so  as  to  form  tubes  with  fairly 
definite  walls  (Seel^er  '93-11,  p.  531).  It  is  through  these  that  the 
vascular  fluid  moves.  The  vessels  of  the  test  are  formed  by  the  evagina- 
tion  of  the  ectoderm  into  the  body  of  the  test. 

In  spite  of  this  apparently  indeifinite  mode  of  origin,  the  blood  chan- 
nels of  the  adult  present  quite  a  uniform  development,  and  in  Ascidia 
their  pattern  and  direction  show  individual  variations  only  in  the  small- 
er vessels.  There  are  present  three  large  and  well-defined  vessels  which 
determine  the  major  distribution  of  the  blood  to  the  body.  Two  of 
these  may  best  be  described  in  their  relation  to  the  heart;  the  third  in 
relation  to  the  branchial  sac.  Examination  of  figure  1  will  aid  in  an  un- 
derstanding of  the  following  description  of  the  path  of  the  blood  stream. 

The  heart  is  a  tubular  organ  which  lies  on  the  ventral  side  of  the  ani- 
mal, and  extends  for  nearly  two-thirds  of  its  length.  From  its  anterior 
or  branchial  end  there  arises  the  hypobranchial  vessel.  This  is  the 
great  ventral  channel  which  lies  below  the  endostyle  and  through  it  the 
blood  from  the  heart  goes  to  the  branchial  sac.    Before  breaking  up 
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into  its  smaller  divisions,  which  communicate  directly  with  the  trans- 
verse vessels  of  the  branchial  sac,  the  hypobranchial  vessel  gives  ofT  a 
branch.  This  and  an  accompanying  vessel  (stippled  in  the  figure)  from 
the  branchial  sac  alternately  furnish  the  blood  to  the  test.  The  double 
vessel  thus  formed  constitutes  the  sole  vascular  connection  between 
the  body  of  Ascidia  and  its  test. 

From  the  posterior  or  visceral 
end  of  the  heart  is  given  off  the 
visceral  vessel.  This  at  once 
breaks  up  into  several  branches 
which  lead  to  the  intestine,  gonads 

and  other  body  organs.    From  , 

these  regions  the  blood  is  collected 
by  means  of  small  channels  into 

larger  vessels,  two  of  which  are  ,f 

usually  clearly  visible  on  the  left 
side  of  the  body. 

The  blood  from  these  two 
paths  is  led  into  the  dorsal  ves- 
sel. This  is  a  spacious  channel 
situated  dorsally  and  like  the  hy- 
pobranchial vessel  it  gives  off 
numerous  branches  into  the  trans- 
rerae  vessels  of  the  branchial  sac. 

The  blood  which  moves  in  the 
transverse  vessels  is  in  osmotic 
contact  with  the  seawater  which 
the  cilia  of  the  stigmata  are  con- 
stantly driving  through  the 
branchial  sac.  Here  the  respira- 
tory exchange  is  accomplished 
and  here  most  probably  occurs 
the  absorption  of  the  oi^anic 
(Potter,  '07)  and  inorganic  con- 
stituents of  the  seawater.  When 
the  heart  is  beating  from  the  branchial  toward  the  visceral  end,  the  blood 
from  the  branchial  sac,  aerated  and  containing  perhaps  other  absorbed 
constituents,  is  pumped  to  the  visceral  regions.  Here  its  oxygen  sup- 
ply is  utilized  and  it  becomes  chained  with  the  digested  products  of  the 
food,  with  the  secretions  of  the  nearby  glands  and  with  carbon  dioxide. 


Fig.  1.  Seminiiagranunatic  represen- 
tation of  the  heart  and  major  blood 
vessels  of  Ascidia  atra  viewed  from  the 
right  side;  a.c,  atrial  cavity;  a.n.,  atrial 
siphon;  d,t>.,  dorsal  vessel,  ht.,  heart; 
hy.v.,  hypobranchial  vessel;  inf.,  intes- 
tine; n.,  node;  o.>.,  oral  siphon;  p.b., 
pericardial  body ;  p.e.,  pericardium  ;r.&., 
renal  body;  t.v.,  test  vessel;  I'.r.,  visceral 
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The  blood  ia  thence  coUected  into  the  dorsal  vessel  to  be  further  driven 
into  the  branchial  sac,  where  the  cycle  bcgiiis  ^  over  again. 

A  phenomeDOO  uoique  in  tunicates  is  the  reversal  of  the  direction  of 
the  circulation.  When  this  occurs  in  Ascidia  atra  so  that  the  heart  is 
beating  from  the  visceral  to  the  branchial  end,  it  is  the  dorsal  vessel 
which  brings  the  aerated  blood  to  the  viscera.  From  here  it  Sows 
through  the  visceral  vessel  to  the  heart  and  then  to  the  branchial  sac 
by  way  of  the  hypobranchial  vessel.  After  being  again  aerated  it  is  sent 
to  the  body  through  the  dorsal  vessel. 

2.  Plasma  and  cells.  The  blood  of  the  intact  animal  is  not  directly 
subject  to  observation,  because  of  the  opacity  of  the  test.  However, 
the  removal  of  a  portion  of  the  test  is  readily  accomplished  and  apparent- 
ly leaves  unaffected  the  normal  activities  of  the  organism.  The  heart 
LB  an  easily  accessible  portion  of  the  circulatory  system  and  being  trans- 
parent, it  offers  a  convenient  location  for  ihe  examination  of  the  blood 
stream.  By  carefully  slicing  away  the  right  ventral  face  of  the  test, 
the  heart  may  be  exposed  for  almost  its  entire  length. 

Such  a  preparation,  freshly  made,  shows  the  blood  as  a  vivid  green, 
turbid  Suid  flowing  through  the  heart  and  nearby  vessels.  This  ap- 
pearance, however,  is  entirely  misleading.  If  the  animal  be  allowed 
to  remain  undisturbed  for  a  few  minut«s,  the  color  and  turbidity  dis- 
appear, leaving  the  blood  transparent  and  colorless.  The  conditions 
which  cause  the  green  and  cloudy  appearance  will  be  considered  subse- 
quently. At  present,  however,  it  must  be  emphasized  that  the  color- 
less state  of  the  blood  and  its  transparency  are  the  normal  chqj-acteris- 
tics  of  the  animals  of  this  species.  They  seem  to  be  the  general  proper- 
ties of  tunicate  blood  (Herdman,  '04). 

The  turgidity  of  the  heart  in  an  exposed  preparation  indicates  that 
the  blood  is  under  an  appreciable  pressure.  A  similar  interpretation 
is  to  be  placed  on  the  phenomena  which  are  associated  with  a  rupture 
ol  the  heart  or  of  a  major  vessel.  Under  favorable  circumstances,  a 
.-nnll  n»nf>t'iin>  in  thp  hpnrt.  of  n.n  n.nimn.1  tindpr  vintfT  rpsllltn  in  the  blood 
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protein  to  a  small  extent  (Henze,  '1 1 ;  Cu^not,  '91)  and  probably  other 
organic  substances.  In  Ascidia  atra  this  plaama  is  colorless  under  all 
experimental  conditions.  The  osmotic  pressure  of  the  blood  fluid  of 
Phallusia  mammillata  has  been  determined  by  Henze  ('11),  and  it  is 
practically  isotonic  with  seawater:  for  the  plasma  A  =  2.07°,  while  for 
seawater  A  ~  2.12°.  A  similar  relation  undoubtedly  exists  in  Atcidia 
atra  because  the  blood  cells  will  live  and  remain  active  in  seawatcr  for 
several  days.  Ascidians  are  thus  "  poikilosmotic  "  animals  (Hober,  '14, 
p.  37) — marine  organisms  the  osmotic  pressure  of  whose  body  fluids  b  ' 
isotonic  with  the  seawater  in  which  they  live, 

A  piece  of  blue  litmus  paper  inserted  into  a  cut  in  the  test  of  Ascidia 
rapidly  changes  to  red.  The  same  is  true  if  a  piece  of  the  branchial  sac 
or  any  other  tissue  containing  blood  be  touched  with  blue  litmus  paper. 
Such  a  condition  was  ob^rved  for  other  Ascidians  by  Henze  ('U)  and 
he  at  first  concluded  that  the  blood  was  acid  in  reaction.  Further  study 
proved  this  incorrect.  If  freshly  drawn  blood  of  Ascidia  be  centrifuged, 
the  clear  plasma  does  not  turn  blue  litmus  red.  It  has  the  same  reac- 
tion as  seawater  (cf.  Henze,  '12).  The  centrifuged  corpuscles,  however, 
arc  decidedly  acid  and  turn  litmus  accordingly.  In  Phallusia  the  acid 
was  identified  by  Hcnz«  as  HjSOi.  From  his  data  I  calculate  a  con- 
centration of  ca.  0.4  N  HiSOt  within  the  blood  cells.  The  small  volume 
of  blood  obtainable  from  A.  atra  precluded  a  quantitative  examination. 
The  corpuscles,  however,  give  an  unforgotten  sour  taste. 

An  effective  demonstration  of  the  localization  of  the  acid  of  the  blood 
may  be  made  by  comparing  the  effect  produced  by  a  drop  of  dilute  acid 
and  by  a  drop  of  blood  on  a  dry  piece  of  blue  litmus  paper.  The  acid 
spreads  out  to  form  a  circle  several  times  the  diameter  of  the  original 
drop.  As  shown  in  figure  2,  it  is  only  at  the  periphery  of  the  circle  that 
the  acid  (HCI)  fails  to  be  adsorbed  to  the  same  extent  at  the  water. 
The  result  is  a  moist  circle  of  red  surrounded  by  a  narrow  band  of  moist 
blue.  A  drop  of  blood  produces  an  entirely  different  appearance.  The 
plasma  spreads  and  leaves  a  circle  of  moist  blue  paper.  The  corpuscles, 
however,  remain  within  the  confines  of  the  original  drop,  and  produce  a 
small,  intensely  red  space  within  the  much  larger  one  of  the  adsorbed 
plasma  (cf.  fig.  2). 

The  plasma  is  therefore  alkaline,  the  corpuscles  acid  to  litmus. 

The  acidity  of  the  blood  cells  is  of  interest  with  n^rd  to  the  theory 
of  vital  staining.  On  the  assumption  that  basic  dyes  penetrate  living 
cells  because  of  the  ordinarily  alkaUnc  reaction  of  protoplasm  (Hober, 
'14,  p.  432),  acid  dyes  should  penetrate  easily  the  acid  cells  of  the  blood. 
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Fig.  2.  Effects  of  s  drop  of 
ucid  (HCI)  and  of  a  drop  of  Ab- 
cidia  blood  on  a  dn-  piece  of 
blue  litmus  paper 
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Id  a  prelimiDary  statement  Bethe  ('14)  announced  that  such  is  the  case. 
Using  many  acid  stains  he  found  that  they  entered  Ascidian  blood  ceils 
with  great  facility.    Basic  dyes,  however,  penetrated  only  feebly. 

The  blood  cells  of  tunicates  are  mesenchjine  cells  and  correspond 
more  to  the  lymphatic  cells  than  to  the  red  corpuscles  of  vertebrate 
blood.  In  Ascidia  mentula,  Cu&iot  ('91)  described  four  kinds  of  amebo- 
cytic  cells,  all  of  which  are  more  or  less  related  genetically.  Like  the 
blood  cells  of  A.  fumigata  (Heller,  75), 
however,  those  of  A.  atra  may  best  be 
divided  into  two  classes:  impigmented 
and  pigmented. 

The  unpigmented  cells  are  of  two 
kinds  at  least.     The  first  kind  readily 
assumes  an  ameboid  appearance  (c,  fig. 
3)  and  continually  changes  shape  when 
observed  with  the  microscope.     These 
cells  are  all  nearly  the  same  size,  are 
quite  numerous  and,  iu  the  living  con- 
,  dition,  possess  an 
apparently    homo- 
geneous  proto- 
plasm. 

The  second  type 
of  colorless  blood 
cell  retains  its 
spherical  form  un- 
der the  conditions 
of  the  examination. 
Its  size  is  variable; 
often  two  or  three 
are  closely  associ- 
ated (C|  to  c^).  Un- 
doubtedly further 
cytologic  study  would  show  that  this  type  is  composed  of  several  classes 
of  cells. 

The  pigmented  corpuscles  all  appear  to  be  alike  in  structure  but  they 
differ  markedly  in  color  and  distribution.  They  are  capable  of  a  slight 
though  definite  ameboid  movement.  The  most  abundant  of  the  pig- 
mented celb,  and  indeed  the  most  common  of  all  the  blood  cells,  are  the 
green  corpuscles  (g),  which  occur  in  all  parts  of  the  circulatory  system. 
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Fig.  3.  Blood  colls;  ft,  blu 
cells;  Ci-f(  coIorlesB  cells  of  c 
o,  orange  cells. 
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Their  protoplasm  is  packed  full  of  a  number  of  Bpherical  granules  which 
are  of  a  bright  greeD  color.  According  to  Henze  ('13)  they  are  the  cells 
which  contain  the  acid  of  the  blood;  with  methyl  red  they  stained  a 
deep  red,  whereas  the  plasma  and  seawater  became  yellow.  This  sig- 
nifies a  hydrogen-ion  concentration  of  10~*'  to  10-*-'N  within  the  cell. 

The  orange  cells  (o)  are  similar  to  the  green  cells  in  structure  but  the 
granules  are  of  a  rich  orange  color.  As  has  already  been  observed  in 
A.  mentula  (Cu^ot,  '91),  these  orange  cells  are  distributed  locally. 
They  are  very  common  in  the  branchial  sac ;  in  some  of  the  papillae  I 
have  counted  even  more  orange  than  green  cells.  But  they  ore  only 
rarely  encountered  in  the  general  circulation.  Blood  drawn  from  the 
heart  contains  only  an  occasional  orange  corpuscle,  frequently  none  at 
all. 

Tbe  third  type  of  colored  ceU  has  a  deep  blue  color  (6).  Whereas  the 
other  pigmented  cells  are  transparent,  these  are  quite  opaque.  The 
blue  cells  are  distributed  in  a  manner  complementary  to  the  orange 
cells.  They  are  not  very  common  but  in  blood  drawn  from  the  heart 
they  may  be  easily  found.  I  have,  however,  seen  but  very  few  blue 
corpuscles  in  the  branchial  sac.  Genetically  they  are  related  to  the 
green  cells,  of  which  they  probably  represent  the  later  stages  of  exist- 
ence. It  has  been  possible  to  obsc^e  the  change  from  green  to  blue  in 
the  individual  cells  of  drawn  blood. 

The  localization  of  the  blue  and  orange  blood  cells  is  of  importance 
for  an  understanding  of  the  functions  of  the  blood  and  the  blood  cells. 
Cutoot  concluded  that  the  orange  cells  of  A.  mentula  do  not  move  with 
the  blood  stream.  Although  my  observations  on  A.  atra  are  not 
whoUy  in  accord  with  the  idea  of  this  keen  observer,  the  data  are  too 
meager  for  me  to  venture  even  a  tentative  hypothesis.  However,  the 
properties  of  the  pigments  of  the  blood  ceils  may  furnish  a  clue  to  the 
significance  of  their  localization. 

5.  Pigment.  Respiration  is  intimately  connected  with  the  move- 
ments and  composition  of  the  blood.  The  walls  of  the  branchial  sac 
are  no  more  than  a  complex  mass  of  interwoven  blood  vessels  which, 
i  n  this  way,  permit  an  exchange  between  the  blood  and  the  seawater 
passii^  through  the  sac.  The  respiratory  activity  of  several  tunicates 
has  been  measured  and  it  was  found  that  they  maintain  a  definite, 
though  small  respiratory  exchange  (Putter,  '07;  Vernon,  '95). 

The  first  investigator  to  study  the  relation  of  the  blood  to  the  respira- 
tion of  Ascidians  was  Harless  ('47).  He  reported  that  blood  freshly 
drawn  from  "Ascidia  mamillaris"  (probably  Phallusia  mamillata)  is  a 
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"teasserkelle  PlUasigkeil,"  which  turns  blue  after  remaining  exposed  to 
the  air  for  a  few  minutes.  Fresh  blood  does  not  change  color  on  con- 
tact with  oxygen  or  nitrogen;  carbon  dioxide,  however,  at  once  turns  it 
blue.  Oxygen,  bubbled  through  the  blue  blood  makes  it  colorlese,  but 
not  as  colorless  as  it  was  originally.  Essentially  the  same  observations 
were  reported  by  Krukenberg('80a),except  that  he  denied  there-forma- 
tion of  colorless  from  blue  blood  by  the  addition  of  oxygen.  It  was 
Krukenberg  who  first  noted  that  the  pigment  changes  were  locaUzed 
in  the  cells  of  the  blood. 

Apparently  the  most  spectacular  contribution  to  the  physiology  of 
Ascidians  is  the  reported  presence  of  a  colorlese  respiratory  protein,  y- 
achroglobine,  in  the  blood  of  Ascidia,  Molgula  and  Cynthia.  Griffiths 
('92),  its  discoverer,  assigned  it  a  definite  formula  and  stated  that  in  its 
reduced  state  100  grams  would  absorb  149  cc.  of  oxygen  at  standard 
pressure  and  temperature.  It  will  be  observed  that  this  binding  capa- 
city is  greater  even  than  that  of  haemoglobin. 

Using  the  species  employed  by  the  previous  investigators,  Winter- 
stein  ('09)  failed  to  confirm  their  statements  of  the  color  changes  and 
respiratory  activities  of  the  blood.  He  found  that  the  blood  of  Ascidia 
certainly  turns  blue-black  on  standing,  but  it  does  so  only  after  many 
hours.  Moreover,  CO,  has  no  effect  on  the  color  change.  Henze  ('11) 
gives  corroborative  evidence,  and  my  observations  of  Ascidia  atra  are 
also  in  complete  accord  with  Winterstein  's.  Oft«n  the  blood  of  A.  atra 
requires  more  than  a  day  to  change  completely  to  blue-black. 

Winterstein  determined  the  binding  power  of  Phallusia  blood,  using 
a  modern  technic.  One  hundred  cubic  centimeters  of  blood  saturated 
with  air  contains  0.24  cc.  of  COi,  0.38  cc.  of  Oi  and  1.33  cc.  of  N,.  This 
shows  an  absorption  of  these  gases  by  the  blood  almost  identical  with 
their  solubility  in  seawater.  The  small  oxygen  binding  capacity  is  evi- 
dently a  general  characteristic  of  invertebrate  blood  (Winterstein,  '09). 
It  must  therefore  be  concluded  that,  like  the  haemocyanin  of  Limulus 
(Alsberg  and  Clark,  '14),  the  blood  pigments  of  Ascidia  have  a  function 
other  than  that  of  absorbing  oxygen  and  carbon  dioxide,  or  perhaps  that 
their  method  of  doing  so  is  different  from  that  of  haemoglobin. 

The  pigment  of  Ascidian  blood  is  exceptional  in  its  possession  of  a 
remarkable  chemical  element.  Henze  ('11)  describes  the  chromogen 
of  the  blood  cells  of  Phallusia  as  a  protein  in  combination  with  the  rare 
element  vanadium.  The  green  blood  cells  of  Ascidia  atra  furnish  a  pig- 
ment which  is  also  a  compound  containing  vanadium.  The  mass  of 
dried  and  ignited  blood  ceils,  fused  with  KNOj  and  NaCOj  forms  an 
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alkali  vanadate  which  gives  the  characteristic  color  reactions  denoting 
the  presence  of  vaoadium.' 

Chemically,  the  occurrence  of  vanadium  and  its  compounds  in  the 
blood  18  important  because  they  possess  marked  catalytic  properties. 
For  example,  the  oxidation  of  anilin  hydrochloride  to  anilin  black  is  cata- 
lyzed by  the  presence  of  one  part  of  VtOt  to  100,000  parts  of  anilin 
(Witz,'76).  Probably  it  is  in  the  r6U  of  catalyst  thafthe  blood  pigment 
is  of  service  in  the  respiratory  activity  of  ascidians 

This  element  is  significant,  moreover,  from  the  aspect  of  its  physical 
properties.  Ascidians  possess  a  great  variety  of  colors  and  color  changes 
in  the  blood  and  tissues.  Vanadium  exists  in  five  stages  of  oxidation, 
each  showing  a  series  of  colors  among  its  compounds.  The  oxides,  for 
example,  are  ViO,  ViOt  and  ViOi  which  are  basic,  and  V1O4  and  VjOt 
which  are  acid.  V|0&  forms  orange-red  crystals,  a  yellow  solution  in 
water  and  a  red  soultion  with  acids  and  hydrogen  peroxide.  VtO*  is 
blue,  its  hydroxide,  VtOt(OH)t  is  brown  in  alkaline  solution.  VjOi  is 
green.  Such  examples  may  be  multiplied.  Combinations  with  organic 
substances  would  give  these  compounds  a  still  greater  range  of  color. 

\'cry  probably  the  green  pigment  of  the  b  lood  ceUs  of  Ascidia  contains 
vanadium  in  the  stage  of  oxidation  corresponding  to  VfOi  (cf.  especially, 
Hense,  '12).  That  it  is  present  in  the  green  cells  isundoubted.  A  water 
extract  of  the  pigment  turns  black  on  the  addition  of  osmic  acid  due  to 
the  precipitation  of  a  lower  oxide  of  osmium  The  careful  addition  of 
osmic  acid  to  a  blood  preparation  on  a  slide  results  in  the  blackening  of 
the  green  cells.*  If  the  orange  ceUs  contain  vanadium  in  its  pentavalent 
state,  it  is  clear  why  they  are  not  blackened  by  osmic  acid. 

4-  CoaguliUion.  The  clotting  of  the  blood  of  A.  atra  is  solely  an  ag- 
glutination of  the  corpuscles, — the  so-called  first  coagulation  of  inverte- 
brate blood  (L.  Loeb,  '10).    The  second  coagulation,  that  is,  the  second- 

■  Ad  example  is  the  folIowiDfc.  The  fused  mass  is  treated  with  water.  This 
dissolves  the  vanadate.  fcivioK  a  colorless  solution.  To  such  a  solution  is  then 
added  a  crystal  of  tartaric  acid;  the  solution  turns  yellow-red  at  once.  On 
boilinft,  the  color  changes  to  blue,  due  to  the  reduction  to  ViO|.  Another  color 
test  is  to  acidify  the  alkali  vanadate,  and  then  to  add  hydrogen  peroxide.  The 
•olulion  turns  a  rich  orange  color. 

'  The  notion  once  prevalent  among  eytologista  that  the  blackening  of  a  cell 
b)-  osmic  acid  invariably  indicates  the  presence  of  fat,  has  led  to  confusion  here 
as  well  as  elsewhere.  Even  so  carerul  a  student  as  Cu^not  ('91),  observing  the 
blackening  of  the  green  blood  cells  of  Ascidians,  concluded  that  they  were  cells 
which  contained  a  reserve  store  of  fat.  This  error  has  been  perpetuated  in  the 
litermtnre  IVon  FQrth.  tH,  'OS). 
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ary  clotting  of  the  plasma,  occurriDg  in  Limnlus,  for  example  (L.  Loeb, 
'10),  is  not  encountered  in  aecidian  blood.  The  cells,  pigmented  and  un- 
pigmented,  stick  together  to  form  sheets  and  threads.  The  stringB  of 
clotted  blood  indicate  thc^r  composition  by  their  vivid  green  color. 
Viewed  with  the  microecope  they  show  the  preponderating  presence  of 
innmiierable  green  blood  cells,  which  change  their  form  but  shghtly. 
The  unpigmented^lls  maintain  a  slow  and  continued  ameboid  activity. 

The  blood  cells  will  agglutinate  on  contact  with  seawater.  It  should 
however  he  pointed  out.that  in  a  puncture  of  the  circulatory  system  the 
blood,  is  already  clotted  just  before  it  leaves  the  vessels.  Moreover,  the 
blood  can  be  made  to  copulate  within  the  closed  and  apparently  unin- 
jured blood  system.  The  surface  change  which  makes  the  cells  stick 
to  one  another  may  therefore  come  about  not  only  through  contact 
with  a  foreign  body  (Drew,  '10),  but  also  by  means  of  a  change  in  the 
composition  of  the  plasma. 

In  a  consideration  of  the  factors  of  coagulation,  the  behavior  of  the 
blood  cells  outside  of  the  body  is  very  su^eative.  The  corpuscles  may 
be  washed  in  seawater  and  stirred  up  in  a  watch  glass.  They  then  set- 
tle and  form  a  thin  layer  on  the  bottom  of  the  dish.  In  several  hours 
the  movements  of  the  cells  have  resulted  in  the  formation  of  isolated 
balls  of  cells  a  few  millimeters  in  diameter.  They  remain  in  this  con- 
dition for  a  day  or  two  and  then  begin  to  flatten  out  into  discs  having 
thin,  irregular  margins.  The  cells  may  continue  ahve  as  long  as  a  week; 
in  my  experiments  they  have  always  died  from  neglect.  Most  of  the 
cells  retain  a  green  color,  but  of  a  darker  shade  than  in  the  fresh  condi- 
tion. After  the  discs  have  flattened  out,  there  is  present  in  the  middle 
of  the  plate  a  little  peak  of  blue  cells.  Although  chiefly  located  in  this 
centralmound,  many  blue  cells  are  still  to  be  found  throughout  the  mass 
and  especially  on  the  surface  of  the  disc . 

I  have  not  observed  the  formation  of  these  cell  masses  with  sufficient 
care  to  be  certain  whether  the  coalescence  of  the  cells  is  wholly  fortuitous 
or  not.  The  entire  process,  however,  possesses  a  striking  resemblance  to 
the  forraal.ion  of  restitution  masses  by  the  isolated  tisane  cells  of  sponges 
and  hydroids  (Wilson,  '11).  The  further  similarity  in  the  behavior 
of  the  smaller  groups  of  blood  cells  to  the  appearances  which  Roux  ('96) 
has  called  "Cytotaxis, "  suggests  that  the  agglutination  of  the  blood 
cells  may  involve  something  more  than  an  accidental  collision  of  cells 
whose  surfaces  have  become  sticky. 

There  remains  to  be  considered  still  another  aapeetof  the  coagulation 
of  the  blood.     At  the  beginning  of  the  description  of  the  blood  it  was 
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stated  that  a  freshly  exposed  preparation  shows  the  blood  in  the  heart 
and  vessels  to  be  a  vivid  green,  turbid  fluid.  This  appearance  is  due 
to  a  clotting  of  the  blood  within  the  closed  circulatory  system  due  to  the 
mechanical  stimulation  incident  to  the  operation.  After  fifteen  or 
twenty  minutes,  if  the  animal  has  been  undisturbed,  all  traces  of  this 
green  turbidity  have  disappeared  and  the  blood  has  become  so  trans- 
parent and  colorless  that  the  heart  is  visible  only  when  it  contracts. 
The  green,  turbid  condition  of  the  blood  may  be  induced  again  by 
mei  vly  handling  the  individual  roughly :  squeesingor  bending  it  for  a  few 
seconds.  After  being  replaced  into  seawater,  the  heart  begins  to  beat 
in  a  jerky  manner.  This  indicates  an  obstruction  due  to  the  clotting 
within  the  capillaries  and  smaller  vessels,  following  which  the  blood  in 
the  heart  turns  green  and  tutbid. 

The  maximum  of  turbidity  and  color  is  reached  within  a  minute  or 
two.  After  a  short  period,  depending  on  the  intensity  and  duration  of 
the  rough  huidhng,  the  blood  begins  to  revert  to  the  normal  condition. 
The  disturbed  state  of  the  animals  and  the  slow  recovery  which  follow 
their  collection  and  transportation  to  the  laboratory  are  probably  due 
to  the  effects  of  a  prolonged  clotting  within  the  circulatory  system. 

In  demonstrating  this  internal  clotting  to  my  associates  in  the  labora- 
tory, I  soon  found  that  the  same  animal  could  not  be  employed  for  more 
than  four  or  five  times  in  immediate  succession.  At  the  end  of  such  a 
period  the  color  and  turbidity  produced  by  rough  handling  were  slightly 
different  from  the  normal  appearance. 

An  explanation  of  this  may  be  that  the  clotting  is  caused  by  the  secre- 
tion of  a  substance  into  the  blood.  The  failure  to  coagulate  after  a  few 
stimulations  might  then  be  accounted  for  by  ffae  rapid  exhaustion  of  the 
secretory  activity.  It  is  necessary  only  to  call  attention  to  the  well 
studied  instance  of  adrenalin  secretion  (Cannon,  '15)  and  its  effects  on 
body  conditions  and  on  blood  coagulation,  to  see  the  possibilities  of  an 
extended  investigation  of  this  phenomenon  in  Ascidia. 


The  observations  on  the  blood  stream  of  Ascidia  atra  were  made  on 
animals  the  tests  of  which  had  been  removed  in  the  region  of  the  heart. 
The  heart  itself  may  be  readily  exposed  for  its  entire  length  by  the  re- 
moval  of  a  narrow  strip  of  the  t«st.  As  long  as  care  is  taken  not  to  cut 
the  nearby  double  blood  vessel  which  goes  to  the  t«st,  such  a  prepara- 
tion involves  almost  no  loss  of  blood  an<l  behaves  in  all  other  respects 
normally 
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1 .  Structure.  The  cardiac  apparatus  of  ascidians  consists  of  a  double 
walled  tube,  the  inner  wall  of  which  is  formed  in  the  embryo  by  an  in- 
vagination along  the  entire  extent  of  the  outer  wall.  The  two  margins 
of  the  invagination  have  completely  fused  in  A.  atra,  and  the  suture  is 
an  evident  structure  of  the  adult  heart.  The  outer  wall  remains  to 
form  the  pericardium,  while  the  inner  wall  becomes  the  myocardium  or 
heart  proper. 

The  position  of  the  heart  is  shown  in  figure  1.  About  two-thirds  of 
it  lies  in  an  almost  straight  line  along  the  ventral  edge  of  the  right  side 
of  the  body,  with  the  branchial  end  well  anterior.  An  abrupt  turn  in 
the  posterior  r^on  of  the  heart  carries  the  remaining  one-third  along 
the  posterior  edge  of  the  left  side,  the  viscera)  end  terminating  close  to 
the  dorsal  et^e  of  the  body.  The  heart  is  comparatively  long.  In  a 
medium  sized  specimen  of  alxtut  90  grams  body  weight,  it  is  4  or  5  cm. 
in  length.  Lai^r  individuals  may  have  a  heart  as  long  as  6  or  even 
7  cm. 

Approximately  in  the  middle  of  that  portion  of  the  heart  which  lies 
on  the  right  side  there  is  to  be  observed  a  definite,  thoi^h  slight  con- 
striction. A  node  similar  to  this  has  been  described  in  the  hearts  of 
other  tunicates,  especially  in  Salpa  (e.g.,  Schultze,  '01,  p.  250).  Unlike 
the  one  in  Salpa,  however,  the  constriction  in  Ascidia  atra  is  not  the  re- 
sult of  an  arrested  muscular  contraction  of  the  quiescent  heart.  It  is 
always  present,  whether  there  is  a  contraction  wave  passing  over  the 
heart  or  not.  Nor  i.s  it  caused,  as  Xicolai  ('08,  p.  94)  supposes,  by  the 
bending  of  a  thin-walled,  fluid-filled  tube.  In  A.  atra  the  heart  makes 
no  bend  here;  and  where  it  does  make  a  sharp  bend  toward  the  dorsal 
edge  no  such  node  is  produced.  Moreover,  the  pericardium  is  also  a 
fluid-filled  tube  having  even  a  much  thinner  wall  and  running  exactly 
parallel  to  the  heart.  It  should  therefore  also  show  a  constriction,  if 
Nicolai'B  idea  wore  correct.  But  such  is  not  the  ca^.  The  heart  node 
must  consequently  be  regarded  as  an  anatomically  significant  structure. 

The  node  shows  its  presence  physiologically  as  well  as  structurally. 
In  Ascidia  it  may  well  l>c  due  to  a  shifting  ventrally  of  the  suture  between 
the  pericardium  and  the  heart.  An  evidence  of  this  is  the  behavior  of 
the  beat  in  its  passage  along  the  heart.  This  contraction  wave  is  a  con- 
striction which  runs  almost  completely  around  the  circumference  of  the 
heart,  but  does  not  include  the  suture.  In  some  animaln  it  ia  easy  to 
see  the  suture  on  the  dorsal  side  unaffected  as  the  contraction  wave 
passes  lij'-  In  such  hearts,  Ideating  from  the  visceral  toward  the  bran- 
chial end,  the  wave  of  constriction  is  clearly  ventral  as  far  as  the  node. 


d  by  Google 


PHTSIOLOQT   OF  BLOOD   8Y8TEU   OF  ASCIDU  169 

There  it  suddenly  shiftB,  and  the  constriction  wave  may  pass  along  the 
right  side  of  the  heart  or  it  may  even  shift  until  it  is  visible  on  the  dorsal 
side. 

Another  indication  of  the  physiologic  presence  of  the  node  is  a  chat^ 
which  may  occaaionally  be  observed  in  the  velocity  of  the  contraction 
wave  as  it  passes  the  node.  In  instances  of  this  nature  the  velocity  of 
the  beat  in  its  passage  from  the  visceral  end  to  the  node  is  noticeably 
greater  than  from  the  node  to  the  branchial  end. 

The  influence  of  the  heart  node  is  evidenced  in  still  another  way  in 
'  animals  which  have  suffered  a  loss  of  blood.  In  such  a  ^eart,  beating 
from  the  visceral  to  the  branchial  end,  the  pre-nodal  portion  may  con- 
tinue to  remain  contracted  as  the  wave  progresses.  When,  however, 
the  wave  has  passed  the  node,  the  pre-nodal  region  assumes  the  relaxed 
condition  and  the  remainder  of  the  wave  is  perfectly  normal. 

It  seems  quite  clear  therefore  that  the  node  is  a  real  landmark  in  the 
structure  of  the  heart  of  Ascidia  atra.  Of  its  functional  significance, 
however,  I  am  in  complete  ignorance. 

The  space  between  the  pericardium  and  the  heart — the  pericardial 
cavity — ie  filled  with  a  transparent  fluid  which  contains,  besides  a  pro- 
tein substance  in  solution  (Cu£not,  '91),  a  variable  quantity  of  cellular 
elements.  According  to  Fernandee  ('06)  these  elements  are  derived 
from  the  blood  cells,  and  in  the  young  of  several  species  of  ascidians  they 
undoubtedly  resemble  blood  cells  closely. 

In  the  pericardial  cavity  of  A.  atra  there  is  present,  in  addition  to 
what  has  already  been  mentioned,  a  grayish,  spherical  mass  which, 
though  unattached,  is  almost  always  found  at  the  visceral  end  of  the 
heart.  This  localisation  is  due  to  a  slight  enlargement  of  the  cavity 
at  this  end,  into  which  this  pericardial  body  fits  snugly.  Occasionally 
it  is  dislodged  by  the  contraction  of  the  heart  and  jerked  into  the  general 
F^on  of  the  node,  where  it  is  moved  now  this  way,  now  that,  depending 
on  the  direction  of  the  heart  beat.  All  the  individuals  which  I  examined 
contained  this  body  in  the  pericardium.  It  therefore  agrees  in  its  po- 
sition  with  the  mass  described  by  Femandex  ('06)  in  the  pericardium  of 
A.  mentula  and  A.  fumigata,  and  not  with  the  alleged  situation  within 
the  heart  proper  as  stated  by  Heller  ('75)  for  these  species. 

The  size  of  the  pericardial  body  of  A.  atra  varies  with  the  size  of  the 
individual.  In  animals  3  cm .  long  it  is  between  I  and  2  mm.  in  diameter, 
while  it  may  reach  a  diameter  of  4  mm.  or  more  in  the  larger  animals. 
It  is  composed  of  concentric  layers  of  material  which  can  be  taken  off 
in  shreds  similar  to  the  layers  of  an  onion.    Femandes  ('06)  has  studied 
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the  pericardial  mass  of  several  species  of  sscidians  and  finds  that  it  13 
huilt  up  by  the  continuous  deposition  of  the  elements  found  in  the  peri- 
cardial fluid.  To  theseareadded  the  broken  remains  of  themuaclecellfiof 
the  heart.  The  presence  of  the  latter  furnishes  the  explanation  (Fernan- 
dez,'06)  of  the  occurrence  of  metamorphosed  blood  cella  in  the  peri- 
cardial cavity  and  in  the  pericardial  body.  A  tiny  rupture  of  the  wall 
of  the  heart  results  in  the  passage  of  a  few  blood  cells,  together  with  the 
torn  muscular  region,  into  the  pericardial  cavity.  This  idea  is  moretn 
harmony  with  the  his^ologica)  findings  than  that  of  van  Gaver  and 
Stephen  ('07)iwho  concluded  that  the  formation  of  the  pericardial  body 
was  the  result  of  the  activity  of  a  specific  sporozoan  parasite. 

The  tunicate  heart  proper  is  described  as  a  single  layer  of  cells  the 
inner  ends  of  which  have  developed  muscle  fibrils  (Herdman,  '04,  p.  49). 
Although  Boule  ('84)  has  figured  the  presence  of  a  delicate  endothelial 
layer  on  the  inner  face  of  the  heart  of  Ciona,  Seeliger  ('93-11,  p.  515) 
has  failed  to  confirm  its  existence  there.  However,  Hunter  ('02)  re- 
ported its  occurence  in  Molgula,  and  Schultze  ('10)  in  several  species  of 
Salpa. 

In  spite  of  a  considerable  amount  of  investigation  to  determine  the 
presence  of  nerve  cells  in  the  tunicate  h^art,  they  were  not  demonstrated 
until  the  publication  in  1902  of  Hunter's  work  on  Molgula.  Hunter 
succeeded  in  finding  not  only  bipolar  nerve  cells  but  also  nerve  fibers 
which  run  spirally  around  the  heart.  The  cells  are  grouped  into  a  gan- 
glion at  each  end  of  the  heart,  and  Hunter  ('03  a)  presents  histologic  evi- 
dence for  a  connection  between  them  and  the  central  nervous  system. 
Quite  recently  nerve  cells  and  fibers  were  also  demonstrated  by  Alex- 
androwicz  ('13)  in  the  heart  of  Ciona  and  of  A.  mentula  by  the  use  of 
methylene  blue  staining. 

The  entire  wall  of  the  heart  is  so  thin  that  it  precludes  the  presence  of 
a  coronary  system.  The  various  elements  of  the  pulsating  mechanism 
must  therefore,  derive  their  nourishment  directly  from  the  blood  which 
passes  through  it. 

2.  Heart  beat.  The  most  characteristic  feature  of  the  physiology  of 
the  heart  in  tunicates  is  the  periodic  reversal  of  the  direction  of  its  beat — 
a  fact  first  noted  by  Van  Hasselt  ('24)  in  1821,  and  since  then  found  to 
be  true  for  all  tunicates.  Vsmg  the  nomenclature  suggested  by  Kruk- 
enberg  ('SO  b),  the  heart  is  said  to  beat  in  an  advisceral  direction  when 
the  contraction  wave  passes  from  the  branchial  end  to  the  visceral  end, 
and  in  an  abvisceral  direction  when  the  wave  passes  from  the  visceral  to 
the  branchial  end.     After  beating  for  a  while  in  one  direction  the  heart 
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sends  out  a  series  of  beats  in  the  other  direction;  the  combined  pulsa- 
tions make  up  a  pulsation  series  (Shultze,  '01,  p.  224). 

It  is  frequently  stated,  especially  in  textbooks,  that  the  reversal  oc- 
curs in  such  a  way  that  the  number  of  pulsations  is  the  same  in  each 
direction  (cf.  Hunter,  '03  b).  In  Ascidia  atra  such  a  state  of  affairs  is 
not  alt<^ether  infrequent.  An  example  is  given  in  the  following  record 
of  the  heart  beat. 


Adviaeeral 

1   - 

1   - 

1   ■• 

1   " 

AbviBceral 

1 

■»  1 

.   1 

■'  1 

-  1 

This,  however,  is  not  the  normal  condition.  Most  individuals  show 
a  marked  preponderance  in  the  number  of  advisceral  beats.  A  truly 
typical  example  of  this  is  the  heart  beat  of  which  the  following  is  the 
record. 

Adriaceral I      20      I      44      I      51      I      65      I 

Abvisroral |       17      I       15      |      31       I      3«      I 

Here,  the  number  of  advisceral  beats  is  nearly  twice  as  great  as  the 
number  of  abvisoeral  ones.  The  sum  of  the  beats  of  the  twenty-odd 
animals  which  were  recorded  in  my  notcb(K»k,  gives  the  ratio  of  advis- 
ceral toabvisceral  beats  as  1.6:1,  This  is  clearly  a  predominance  of  the 
number  of  advisceral  pulsations.  The  ratio  would  be  even  greater  were 
it  not  that  at  first  I  thought  the  caste  of  unequal  number  of  beats  were 
abnormal.  Consequently,  I  kept  the  records  of  a  disproportionately 
larger  number  of  examples  showing  equal  beats. 

The  actual  number  of  pulsations  which  takes  place  in  one  direction 
before  reversal  occurs,  varies  with  the  individual  animals.  An 
average  of  nine  measurements  on  fresh  animals  gave  23.6  beats  in  the 
abvisceraJ  direction  and  37.0  beats  in  the  advisceral  direction.  The 
abvtsceral  number  varied  from  14  to  43  beats  and  the  advisceral  from  15 
to  83  beats. 

Unfortunately  A..atra  did  not  prove  to  be  a  good  laboratory  animal. 
Under  the  most  propitious  laboratory  conditions,  with  an  abundance 
of  running  water,  the  animals  failed  to  remain  normal.  For  instance,  af- 
ter an  individual  had  been  in  the  laboratory  twelve  hours  or  even  less, 
a  change  was  evident  in  the  number  of  beats  in  &  pulsation  cycle.    An 
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average  of  ten  counts  on  animals  which  had  been  in  the  laboratory  for 
one  day  or  a  tittle  longer,  gave  the  number  of  abvisceral  beats  as  69.0 
and  the  number  of  advisceral  beats  before  reversal  as  145.9.  This  is 
an  unmistakable  increase  over  the  condition  soon  after  eolleotion. 

The  only  difference  of  any  magnitur^e  between  the  water  in  the  sea 
and  the  water  furnished  in  the  laboratory  of  the  Bermuda  Biological 
Station  is  the  complete  absence  of  plankton  organisma  in  the  latter. 
These  are  precisely  what  Ascidia  t^es  for  food.  It  would  seem,  there- 
fore, that  the  increase  in  the  number  of  beats  as  well  as  the  general  in- 
ability of  Ascidia  to  live  in  the  laboratory  is  probably  due  to  the  imme- 
diate starvation  to  which  it  is  subjected.  That  this  factor  may  become 
effective  within  a  relatively  short  time  merely  indicates  that  this 
species  leads  a  rather  "hand-to-mouth"  existence. 

The  literature  pertaining  to  the  physiology  of  the  tunicate  heart  is 
meagre,  but  an  examination  of  even  these  few  papers  reveals  well  re- 
corded examples  of  a  preponderance  of  the  advisceral  over  the  abvisceral 
beats,  similar  to  those  which  I  have  presented  for  A.  atra.  Roule  ('84), 
for  example,  showed  that  the  advisceral  beats  in  Ciona  intestinalis  are 
three  times  as  numerous  as  the  abvisceral  beats.  Lahille  {'90)  found  a 
similar  condition  in  Phallusia  mammillata.  Here  the  advisceral  pulsa- 
tions are  approximately  twice  the  number  of  the  abvisceral  ones. 

It  might  perhaps  be  supposed  that  the  predominance  of  advisceral 
beats  is  compensated  by  a  difference  in  the  intensity  and  frequency  of 
the  beats  in  the  two  directions.  Such  however  is  not  the  case.  I  could 
observe  no  dissimilarity  in  the  intensity  of  the  two  beats  in  any  of  the 
individuals  of  the  species.  Moreover,  although  the  pulse  qate  of  the 
advisceral  phase  is  slightly  greater  than  that  of  the  abvisceral,  as  will 
be  shown  presently  (see  fig.  4),  the  time  occupied  by  the  advisceral 
phase  is  still  practically  twice  that  required  by  the  abvisceral  beats. 
Similar  time  relations  are  true  for  the  two  phases  of  the  heart  beat  in 
Ciona  (Roule,  '84). 

By  the  use  of  drugs  and  adverse  conditions  it  has  been  possible  to 
affect  the  time  relations  of  the  two  phases  of  a  pulsation  series  in  Salpa 
(Schultze,  '01).  In  order  to  avoid  the  possibility  of  such  effects,  I  have 
recorded  the  pulsation  series  of  animals  in  their  natural  locations  imme- 
diately on  collection.  There  was  present  the  usual  preponderance  of  ad- 
visceral beats  characteristic  of  animals  which  had  been  taken  to  the 
laboratory. 

It  is,  therefore,  quite  certain  that  in  Ascidia  atra,  and  in  at  least  two 
other  species  of  ascidians,  the  quantity  of  blood  which  is  pumped  by  the 
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heart  during  the  adviaceral  phase  of  a  pulsation  series  is  greater  than 
that  pumped  during  the  abvisceral  phase  of  the  same  series. 

5.  Pulse  rate.  The  pulse  rate  is  one  of  the  factors  which  determine 
the  quantity  of  energy  that  is  expended  by  an  animal  in  the  mainte- 
nanceof  its  blood  supply.  Among  various  influences,  the  volumeof  blood 
moved  in  a  single  pulsation  and  its  respiratory  efficiency  are  perhaps 
the  most  important.  With  regard  to  the  respiratory  activity  of  As- 
cidia  atra,  as  evidenced  by  the  extent  of  the  water  current,  it  has  been 
shown  (Hecht,  '16)  that  the  energy  expended  per  unit  body  weight  falls 
off  with  an  increase  in  the  size  of  the  individual.  The  volume  of  blood 
moved  in  one  pulsation  depends  on  the  size  of  the  heart.  This  has  not 
been  determined  systematically.     The  frequency  of  pulsation  and  its 
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Fig.  4.  Relation  of  pulse  rate  to  weight  of  dntmal. 

relation  to  the  size  of  the  body  have,  however,  been  studied.  In  figure 
4  are  plotted  the  data  secured  from  the  hearts  of  thirteen  individuals  of 
varying  weight.  Altogether,  seventy-eight  determinations  were  made, 
thirty-nine  in  each  phaw  of  pulsation  cycle.  Three  measurements 
were  taken  of  the  time  required  for  ten  pulsations  to  occur  in  each  di- 
rection for  every  animal.  The  average  of  the  three  readings  is  repre- 
sented by  a  circlet  in  thefigure.  The  smoothed  cur^-esin  general  parallel 
that  obtained  for  the  relation  Ijetween  the  extent  of  the  water  current 
and  the  weight  (Hecht,  '16),  The  significance  of  this  \»  that  the  pulse 
rate,  which  is  the  reciprocal  of  the  ordinates,  varies  inversely  with  the 
«ize  of  the  individual.  Therefore,  in  so  far  as  the  frequency  factor  is 
indicative  of  the  general  blood  supply,  we  may  conclude  that  there  is 
relatively  less  energy  devoted  to  that  activity  in  the  larger  animals  than 
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in  the  smaller  ones.  This  conclusion  is  in  harmony  with  the  findings  of 
other  investigations  of  rhythmic  activities,  such  as  the  respiratory  move- 
ments of  the  cloaca  of  Holothuriaiua  (Crosier,  '16). 

For  an  umlerstanding  of  the  physiology  of  the  heart  beat,  however, 
the  most  significant  feature  of  the  data  ia  the  difference  in  pulse  rate  be- 
tween the  two  phases  of  a  pulsation  series.  The  average  of  all  the  read- 
ings taken  gives  the  advisceral  pulse  rate  as  29.3  beats  per  minute  and 
the  abvisceral  at  28.1  beats  per  minute.  This  difference  of  about  5 
per  cent  in  favor  of  the  advisceral  phase  is  not  great.  But  its  con- 
stancy and  regularity,  as  shown  by  the  two  curves  in  figure  4,  serve  to 
^nphasize  the  greater  activity  of  the  heart  during  the  advisceral  beat. 
This  was  already  evident  in  the  study  of  the  number  of  pulsations 
emitted  during  the  two  phases  of  a  pulsation  series. 

4-  Velocity  of  pulsation  wave.  The  exceptionally  long  heart  of  A.  atra 
makes  it  a  convenient  object  in  which  to  determine  the  velocity  ot  the 
pulsation  wave.  The  time  taken  by  a  wave  to  pass  over  a  given  distance 
was  determined  in  three  animals  pf  different  sizes.  The  animals  were 
prepared  in  the  usual  way,  so  as  to  expose  only  that  portion  of  the  heart 
which  lies  in  a  nearly  straight  line  on  the  right  side  of  the  body.  The  be- 
ginning and  end  of  the  distance  used  were  sharply  marked  off  by  the  cut 
edges  of  the  opaque  test.  The  actual  distance  was  determined  at  the 
end  of  the  experiment  by  placing  a  piece  of  fine  wire  in  contact  with  the 
heart  and  bending  it  into  a  curve  corresponding  to  that  of  the  organ. 
The  piece  of  wire  was  then  straightened  out  and  measured.  The  time 
interval  was  determined  with  a  stop-watch. 

In  all,  thirty-eight  determinations  were  made  at  a  room  temperature 

of  27.0°C;  nineteen  were  of  the  advisceral  and  nineteen  of  the  abviscera) 

wave.     An  equal  number  of  readings  in  both  directions  were  made  on 

■each  animal.    The  figures  agreed  closely  with  one  another,  as  shown  in 

the  following  record: 

Experiment  1. 18.    Tempereture,  27.0°.    DistnDce  of  heart  exposed  4.4  cm. 

Seconds  for  icnre  lo  pass 
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An  average  of  the  nineteen  determinatiunH  in  each  direction  gave  the 
velocity  of  the  pulsation  wave  at  ZT.O'C.  as  2.12  cm.  per  second  in  the 
adviflceral  direction,  and  1.76  cm.  per  second  in  the  abvisceral  direction. 

This  represents  a  difference  of  nearly  20  per  cent  in  the  velocity  of 
the  beat  in  the  two  directions,  and  points  again  toward  the  greater  ac- 
tivity of  the  heart  while  it  is  beating  in  the  advisceral  phase. 

6.  Significance  of  unequal  phases.  All  the  evidence  which  has  been 
accumulated  in  the  study  gf  the  tunicate  heart  points  unmistakably 
toward  the  existence  of  two  centers  situated  one  at  each  end  of  the  nor- 
mally acting  heart.  Moreover,  all  recent  investigators  are  agreed  that 
the  reversal  of  the  direction  of  the  heart  beat  depends  on  the  alternating 
dominance  in  the  activity  of  these  two  centers. 

To  show  how  such  a  result  could  be  produced  on  the  basis  of  this  as- 
sumption, Carrey  ('11)  has  converted  the  turtle  heart  into  an  "Ascidian 
preparation,"  whose  structure  and  method  of  pulsation  possess  many 
resemblances  to  the  tunicate  heart.  By  splitting  the  turtle  heartsagit- 
tally  and  keeping  the  halves  united  at  the  apex  of  the  ventricle,  a  prep- 
aration may  be  made  which  lieata  in  one  direction— from  the  right  heart 
to  the  left.  This  is  becauseof  the  greater  rhythmicity  of  the  right  vein, 
which  in  the  normal  heart  serves  as  the  pace-maker.  If  now  the  rhyth- 
mieity  of  the  right  vein  and  the  left  vein  be  alternately  decreased  by 
vagus  stimulation  or  increased  by  a  local  rise  in  temperature,  a  periodic 
reversal  in  the  direction  of  the  pulse  wave  may  be  obtained,  simulating 
the  normal  reversal  of  the  tunicate  heart. 

In  the  four  aspects  of  the  normal  heart  beat  of  Ascidia  atra  which  I 
have  just  considered,  the  advisceral  phase  of  a  pulsation  series  shows  a 
decideij-  (freater  activity  than  the  abvisceral  phase.  In  terms  of  the 
accepted  concept  of  the  heart  beat  this,  therefore,  means  that  the  adr 
visceral  center  situated  at  the  branchial  end  is  more  powerful  than  the 
center  situated  at  the  visceral  end.  Not  only  does  the  branchial  center 
initiate  pulsations  of  greater  number  and  velocity,  but  it  maintains  this 
process  for  a  longer  time  and  at  a  greater  rate  than  does  the  visceral 
center. 

Aside  from  the  support  which  this  conclusion  receives  from  the  data 
of  the  normal  heart  beat,  there  are  other  phenomena  exhibited  by  the 
heart  under  experimental  conditions  which  also  point  toward  the  greater 
potency  of  the  branchial  end.  It  frequently  happens  under  certain  cir- 
cumstances that  another  type  of  beat  may  be  produced  in  the  heart  of 
Ascidia  atra.  This  may  be  called  a  central  beat  because  it  consists  of 
a  series  of  pulsations  originating  in  the  region  between  the  two  ends  that 
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normally  originate  the  beats.  From  this  new  point  of  or^fin  two  waves 
proceed  simultaneously,  one  in  the  adviscera)  and  the  other  in  the  ab- 
vieceral  direction.  If  auch  a  central  beat  persists  for  any  length  of  time, 
it  almost  invariably  displaces  the  abviscercU  phase  of  the  normal  pulsa- 
tion series.  For  example,  the  temperature  of  an  animal  (1. 23)  had  been 
raised  from  27°  to  30°  in  ten  minutes.  At  this  juncture  the  central  beat 
appeared.  During  the  half  hour  in  which  I  observed  the  animal,  not  a 
single  abvisceral  beat  made  its  appearance..  The  series  of  central  beats 
alternated  regularly  with  the  advisceral  series  in  a  manner  resembling 
the  two  normal  phases  of  a  pulsation  cycle. 

Not  only  is  it  possible  to  replace  the  beat  with  another  type  of  pulsa- 
tion, but  under  certain  conditions  a  complete  suppression  of  everything 
but  the  advisceral  beat  may  be  secured,  resulting  in  a  continuous  cir- 
culation in  the  advisceral  direction. 

Such  a  condition  is  most  readily  produced  in  Ascidia  by  subjecting 
the  animal  to  a  temperature  about  8°  higher  than  that  of  the  room. 
Another  method  of  accomplishing  the  same  result  is  to  place  the  indi- 
vidual in  a  solution  that  is  slightly  toxic,  auch  as  diluted  aeawat^r  or 
f  M  NaCI.  I  made  no  attempt  to  see  how  long  the  advisceral  circu- 
lation could  be  maintained,  but  in  one  experiment  (I.  21)  it  continued 
for  over  twenty-one  minutes  while  the  animal  was  kept  at  a  temperature 
of  SS-C. 

The  difference  in  potency  and  viability  of  the  two  centers  in  Ascidia 
finds  its  parallel  in  the  differential  resistance  to  drugs  of  the  two  centers 
in  the  Salpa  heart.  For  example,  helleborein  reduces  the  activity  of  the 
abvisceral  phase  to  almost  nothing,  whereas  it  affects  the  number  of 
advisceral  beats  only  slightly  (Schultze  '01,  table  27).  There  are  also 
similar  variations  in  the  rhythmicity  of  different  portions  of  the  verte- 
brate heart.  Not  only  do  the  different  chambers  of  the  vertebrate 
heart  exhibit  a  difference  in  the  frequency  of  pulsation,  but  they  also 
show  a  differential  resistance  to  various  external  conditions,  notably 
the  hydrogen-ion  concentration  (Dale  and  Thacker,  '14).  Perhaps  the 
example  most  comparable  to  the  ascidian  heart  is  the  variation  in  ac- 
tivity of  two  such  symmetrical  portions  of  the  heart  as  the  two  veins  of 
the  turtle's  heart,  the  right  vein  having  a  greater  rhythmicity  than  the 
left  vein  (Carrey,  '11). 

The  greater  potency  of  the  branchial  end  of  the  heart  of  A.  atra  and 
of  the  two  other  species  of  ascidians  previously  mentioned  is,  to  my  mind, 
of  prime  importance  for  understanding  the  physiology  of  the  blood  sup- 
ply. The  commonly  accepted  idea  is  that  the  heart  pumps  blood  in 
one  direction,  and  then  reverses  and  pumps  an  equal  quantity  of  blood — 
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the  same  blood,  in  fact — in  the  opposite  direction.  The  thesis  which  I 
wish  to  maintain  is  that,  in  spite  of  the  periodic  reversal  of  the  direc- 
tion of  the  beat,  there  is,  in  these  three  species  at  least,  a  definite  one- 
way  circulation  of  the  blood. 

It  has  been  pointed  out  that  the  quantity  of  blood  which  the  heart 
moves  in  the  advisceral  direction  is  about  twice  the  amount  which  it 
pumps  in  the  abvisceral  direction.  The  other  aspects  of  the  beat,  show- 
ing the  superior  potency  of  the  branchial  end,  merely  serve  to  emphasize 
this  important  fact.  The  blood  cells  of  Ascidia,  therefore,  circulate  in 
the  direction  of  the  advisceral  beat,  except  that  during  the  abvisceral 
phase  they  arc  put  back  in  their  progress  to  the  extent  of  one  half  the 
distance  which  they  have  travelled  during  the  advisceral  phase.  This 
Corresponds  exactly  to  the  kind  of  progress  a  man  would  make  who 
walked  along  the  circumference  of  a  large  circle,  taking  ten  steps  for- 
ward and  five  steps  backward,  then  ten  more  forward  and  five  back- 
ward and  so  forth.  The  resultant  of  this  type  of  activity  would  be  a 
forward  locomotion  leading  him  around  and  around  the  circle  in  a  single 
direction.  Similarly,  the  greater  heart  activity  during  the  advisceral 
phase  results  in  a  one-directional  circulation  in  these  Ascidians. 

An  attempt  to  determine  the  circulation  time  of  the  blood  met  with 
no  success.  Consequently,  it  is  not  possible  to  state  how  many  pulsa- 
tion series  are  required  for  the  blood  to  complete  one  circulation  in  the 
predominating  direction. 

The  existence  of  this  circuUtion  is  of  interest  in  an  evolutionary  con- 
nection. The  idea  that  vertebrates  arose  directly  from  Ascidians  does 
not  receive  support  from  the  investigation  of  the  direction  of  the  blood 
flow.  In  Ascidia  the  path  of  the  blood  from  the  heart  is  away  from  the 
gill;  in  the  lower  aquatic  vertebrates  it  is  toward  the  gilK 

The  dominance  in  the  activity  of  one  phase  of  the  pulsation  cycle  has 
a  distinct  bearing  on  the  cause  of  the  reversal  of  the  heart  beat.  The 
ideas  of  many  writers  on  the  alternating  character  of  the  direction  of  the 
blood  flow  in  the  tunicates  is  fairly  expressed  by  the  following  quotation. 

ll  haj  been  sufcgested  that  the  cause  of  thii  remftrLftble  revera&l  may  poa- 
■ibly  be  that  the  h<!art  being  on  the  ventral  vessel,  which  is  wider  than  the  cor- 
responding  dorsal  trunk,  pumpg  the  blood  into  either  the  lacunae  of  the  branchial 
aao  or  those  of  the  viscera  in  greater  volume  than  can  possibly  get  out  through 
the  smaller  branchio-visceral  vessel  in  the  same  time,  the  result  being  that  the 
lacunae  in  question  soon  become  engoi^d,  and  by  back  pressure  cause  the 
stoppage,  and  then  reversal  of  the  heart.  The  absence  of  any  valves  in  the 
heart  to  regulate  the  direction  of  flow  obviously  facilitates  this  altemation  of 
the  current  iHerdman,  "04.  p.  50), 
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Somewhat  the  same  idea  is  at  the  bottom  of  the  explanation  of  the 
change  in  direction  wliich  its  discoverer,  Van  Hasslet  ('24),  gave. 
Among  others,  Todaro  ('85),  Ritter  ('93)  and  LahiUe  ('90)  have  sug- 
gested explanations,  all  based  on  the  same  "  back  pressure  "  assumption. 
Lahille  ('90)  in  particular  has  gone  into  great  detail  and  has  even  at- 
tempted an  experimental  proof  of  this  conception. 

As  Schultze  ('01)  has  ah^ady  pointed  out,  this  idea  would  be  excellent 
if  there  were  no  active  contraction  of  the  heart  in  the  reversed  direction. 
On  the  assumption  of  the  existence  of  such  "back  pressure,"  it  would 
furnish  a  good  explanation  if  the  blood  system  were  a  mechanical  pump- 
ing arrangement  run  by  a  physiologically  indifferent  mainspring.  The 
direction  and  rhythm  would  then  be  dependent  on  the  volume  of  the 
containing  vessels  and  on  the  velocity  and  quantity  of  the  fluid  moving 
in  the  apparatus.  This,  the  blood  system  is  not.  The  heart  is  an  actuie 
pump.  The  fact  that  it  may  be  isolated  from  the  rest  of  the  system — 
even  removed  from  the  body — and  still  maintain  the  reversal  of  its  pul- 
sations, shows  that  the  cause  of  the  change  in  direction  of  the  beat  must 
lie  within  the  heart  itself. 

Aside,  however,  from  these  objections  to  the  back-pressure  hypothesis, 
it  seems  to  me  that  the  assumption  on  which  it  is  based  does  not  flt  the 
facts  which  I  have  summarized  with  regard  to  the  direction  of  the  circu- 
lation. In  tunicates  there  are  no  blood  vessels  in  the  ordinary  sense  of  the 
term.  The  blood  spaces  are  continuous,  and  their  bore  does  not  vary 
from  pulsation  to  pulsation  as  in  the  blood  vessels  of  the  vertebrates. 
Thus  the  volume  of  the  blood  and  the  capacity  of  the  blood  spaces  are 
constant  quantities.  Consequently,  if  any  back  pressure  were  to  devel- 
op due  to  an  inability  on  the  part  of  certain  spaces  to  transmit  the  blood 
supplied  by  the  heart,  this  back  pressure  would  have  to  be  the  same  no 
matter  in  which  direction  the  heart  was  beating.  Moreover,  if  a  con- 
gestion were  to  result,  the  quantity  of  blood  required,  and  therefore  the 
number  of  pulsations,  would  have  to  be  equal  in  both  directions  before 
the  occurrence  of  a  reversal.  Such,  however,  is  not  the  case,  since  the 
quantity  of  blood  and  the  number  of  pulsations  in  the  advisceral  phase 
is  nuich  more  than  in  the  opposite  phase. 

That  the  blood  is  under  a  definite  pressure  is  undoubted,  as  I  have 
previously  described.  But  that  there  is  a  gradual  increase  in  the  blood 
pressure  until  congestion  sets  in,  with  the  resulting  reversal  to  relieve 
the  situation,  seems  at  variance  with  the  findings  which  these  investiga- 
tions have  brought  to  light.  One  may  as  well  expect  the  vertebrate 
heart  to  reverse  because  of  the  resistance  in  the  capillaries. 
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6.  Naiure  and  origin  of  contrm^ion  loaee.  In  attempting  to  under- 
stand the  nature  of  the  heart  beat  of  Ascidia,  it  is  well  to  keep  in  mind 
the  distinction  between  the  origin  of  the  contraction  wave  and  its  prop- 
action  along  the  heart.  The  latter  phase  is  the  simpler,  and  a  discua- 
sion  of  it  will  serve  to  introduce  the  problem  of  the  basis  of  the  heart 
activity. 

The  velocity  of  the  beat  along  the  heart  of  A.  atra  is  1.76  cm.  per  sec- 
ond in  the  abvisceral,  and  2.12  cm.  per  second  in  the  advisceral  direction. 
The  order  of  magnitude  of  this  velocity  is  of  significance  in  determining 
the  pathway  of  the  contraction  wave. 

It  is  out  of  the  question  to  compare  this  velocity  with  that  of  the  pas- 
sage of  an  impulse  along  well-defined  nerve  trunks  like  those  found  in 
vertebrates.  Such  structures  certainly  do  not  exist  in  the  heart.  The 
only  demonstration  of  nerve  tissue  at  all  in  the  heart  of  an  Ascidian  is 
the  work  of  Hunter  ('02).  Alexandrowicz  ('13}  merely  states  that  he 
saw  nerve  cells  but  gives  no  figures  to  show  their  distribution. 

On  the  tentative  assumption  that  there  is  a  type  of  loose  nerve^net 
in  the  heart,  it  is  clarifying  to  examine  the  velocities  that  have  been  ob- 
tained for  such  a  type  of  conduction.  A  well-defined  case  of  nerve*net 
conduction  is  the  passage  of  the  wave  in  a  ring  of  the  disc  of  the  medusa 
Caasiopea.  At  25"C.  the  velocity  of  this  conduction  varies  from  27.6 
to  49.9  cm.  per  second  (Harvey,  '11).  The  slowest  conduction  obtained 
in  nerve  tissue  by  Jenkins  and  Carlson  ('04)  was  in  the  ventral  chain  of 
CerebratuluB.  This  is  a  nerve-net,  and  the  velocity  of  transmissitMi 
along  the  chain  varied  from  5  to  9  cm.  per  second.  The  ventral  chain 
of  other  worms  showed  a  much  greater  velocity  of  transmission:  Nereis 
gave  89  cm.  per  second  and  Bispira  694  cm.  per  second.  In  short,  even 
the  slowest  velocities  of  nerve-net  conduction  are  at  least  three  times  as 
great  as  that  found  in  the  heart  of  Ascidia. 

The  only  case  in  which  the  nervous  nature  of  the  transmission  of  the 
contraction  wave  has  been  unmistakably  demonstrated  is  the  heart  of 
Limulus  (Carlson,  '04).  In  this  animal  the  velocity  of  propagation  is 
so  great  that  the  heart,  half  a  foot  long,  seems  to  contract  as  a  single 
unit.  Only  under  special  circumstances  is  it  possible  to  show  that  the 
beat  arises  in  the  posterior  third  of  the  heart  and  travels  forward  along 
a  nerve-net  which  lies  on  the  outside  of  the  heart  (Carlson  '04,  p.  70). 
The  magnitude  of  the  velocity  of  the  heart  beat  of  Ascidia  would  there- 
fore seem  to  prove  that  we  are  dealing  with  a  slow,  muscular  trans- 
mission, comparable  to  the  wave  of  muscular  contraction  which  causes 
the  locomotion  of  the  earthworm  (Friedlftnder,  '88). 
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The  nature  of  the  activity  which  underiies  the  origin  of  the  beat  is 
compUcated  by  several  factors.  As  already  stated,  the  immediate  cause 
of  the  curious  behavior  of  the  ascidian  heart  is  most  probably  the  altera- 
tion in  the  potency  of  its  two  ends  (J.  Loeb,  '02,  p.  29).  The  origin  of  a 
single  beat  is  therefore  due  to  the  activity  of  the  center  situated  at  one 
of  these  ends.  This  idea  was  first  expressed  by  J.  Loeb  ('02)  on  the 
basis  of  Lingle's  work  on  Molgula  (Bancroft  and  Esterly,  '03).  J.  Loeb 
describes  how  the  source  of  automatic  activity  is  confined  to.a  small  re- 
gion at  each  end  of  the  heart.  The  discovery  of  a  mass  of  nerve  celb 
in  these  spots  in  the  Molgula  heart  (Hunter,  '02)  seemed  to  prove  that 
the  initiation  of  the  heart  rhythm  is  due  to  the  activity  of  the  nerve  cells. 
This  neurogenic  idea  was  emphasized  by  Ltngle  's  (J.  Loeb,  '02)  inability 
to  cause  the  central  portion  of  the  heart  to  beat  in  seawater,  and  the 
comparative  sparseness  of  nerve  cells  found  by  Hunter  ('02)  in  this 
region. 

Further  investigation,  however,  showed  that  some  of  this  work  was 
in  error.  For  example,  both  Schultze  ('01)  and  Bancroft  and  Esterly 
('03)  found  no  diflSculty  in  securing  an  automatic  rhythmicity  of  .the 
isolated  central  part  of  the  heart  in  ordinary  seawater.  Later,  Hunter 
found  the  same  to  be  true  for  the  species  with  which  Lingle  had  first 
worked  (Hunter, '03b). 

Similarly,  the  isolated  central  portion  of  the  heart  of  Ascidia  atra 
beats  in  seawater.  Moreover,  not  only  can  tjie  isolated  central  part 
of  the  heart  initiate  automatic  activity,  but  this  portion  may  pro- 
duce beats  even  when  the  heart  is  in  its  normal  position  in  the  intact 
animal.  Careful  observation  has  convinced  me  that  this  central  beat 
may  originate  in  practically  any  place  between  the  two  ends,  although 
it  frequently  occurs  at  the  node.  This  may  happen  not  merely  in 
hearts  which  have  been  subject  to  sUghtly  toxic  conditions  but  is 
frequently  to  be  observed  in  freshly  captured  animals. 

In  terms  of  a  neurogenic  conception  of  the  heart  beat,  these  facts  have 
no  significance.  If,  however,  we  adopt  the  myogenic  conception,  viz., 
that  all  the  heart  muscle  cells  are  capable  of  an  automatic  rhythm,  the 
situation  at  once  becomes  clear.  The  ability  of  any  portion  to  initiate 
pulsations  for  the  entire  heart  depends  upon  its  rate  of  pulsation  and 
upon  the  refractive  properties  of  heart  muscle.  In  the  normal  Ascidia 
heart  the  twoends  alternately  act  as  pace-makers,  due  to  the  alternating 
superiority  of  their  pulse  rates.  The  balance  in  their  favor  over  the 
central  portion  of  the  heart  is,  however,  so  delicate  that  it  requires  only 
a  slight  change  in  metabolic  activity  of  the  heart  to  upset  it.    The 
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bronchial  end  is  normally  the  most  potent  part  of  the  heart,  as  is  evi- 
denced by  the  much  greater  duration  and  rate  of  its  activity.  This 
probably  signifies  so  lai^e  a  balance  in  its  favor  that,  unlike  the  visceral 
end,  it  is  never  replaced  by  a  central  beat  in  the  regular  pulsation  cycle. 

The  fact  that  external  stimulation  may  change  the  rhythm  and  inten- 
sity of  the  heart  beat  of  Ascidia  and  of  Salpa  (Nicolai,  '08),  is  no  argu- 
ment for  the  nervous  nature  of  the  origin  of  the  beat.  Such  changes 
are  entirely  comparable  to  the  effect  of  vagus  stimulation  of  the  ver- 
tebrate heart,  the  beat  of  which  has  been  shown  by  the  experiments  of 
Burrows  ('12)  and  of  Hooker  ('11)  tobeundoubtedly  of  muscular  origin. 

It  is  possible,  therefore,  to  summarize  the  discussion  in  this  section 
by  the  following  conclusion.  The  heart  beat  of  Ascidia  atra  originates 
wjthin  the  muscle  cells,  and  the  conduction  of  the  pulsation  wave  is 
accomplished  by  the  passage  of  the  impulse  across  a  continuous  muscular 
pathway. 

7.  Temperature  and  heart  activity.  The  general  effect  of  a  change  in 
temperature  on  the  cardiac  activity  of  Ascidia  atra  serves  as  a  demon- 
stration of  the  balance  maintained  by  the  different  parts  of  the  heart. 
The  precision  of  this  balance  undoubtedly  varies  among  individuals  and 
it  is  therefore  not  surprising  that  the  degree  of  disturbance  produced  by' 
a  change  of  temperature  should  be  different  in  individual  cases.  In 
some  animals,  for  example,  a  change  in  temperature  may  produce  no 
other  than  an  accelerating  or  retarding  effect  depending  on  the  direc- 
tion of  the  change;  in  others  additional  phenomena  may  make  their 
appearance. 

Some  reference  has  already  been  made  to  a  central  beat  which  appears 
under  these  conditions.  If  this  beat  is  only  occasional,  it  may  occur 
between  the  usual  phases  of  a  pulsation  cycle.  If  it  persists,  it  will  of- 
ten supplant  the  abvisceral  beat  completely.  These  results  can  be  ob- 
tained with  a  decrease  in  temperature  as  well  as  with  an  increase,  al- 
though the  latter  is  a  more  efficient  means. 

An  effect  on  the  color  of  the  blood,  not  directly  connected  with  heart 
Activity,  is  produced  by  a  change  of  temperature.  The  clotting  of  the 
blood  of  Ascidia  within  the  intact  blood  system  has  already  been  de- 
scribed. One  way  of  producing  this  agglutination  is  to  raise  the  tem- 
perature of  the  animal  several  degrees.  The  blood  becomes  green  and 
to  oil  appearances  behaves  as  if  it  had  been  clotted  by  a  vigorous  ex- 
ternal stimulation  of  the  animal.  The  color  change  occurs  at  a  point 
(32.0**)  well  below  the  death  temperature  of  the  animal,  and  consequent- 
ly is  not  due  to  a  heat  coagulation  of  either  the  plasma  or  the  corpuscles. 


d  by  Google 


182  SBLia    HECHT 

Thb  U  further  assured  by  the  reaseumptioD  of  the  usual  transparency 
with  continued  wanning. 

The  temperature  Umita  of  heart  activity  show  a  marked  individual 
variation  which  in  all  probability  depends  upon  the  rate  of  the  tempera- 
ture change  and  the  duration  of  the  exposure.  For  example,  in  one 
experiment  the  coohng  was  performed  at  the  rate  of  about  one  degree 
for  every  ten  minutes.  The  lowest  temperature  at  which  the  heart 
maintained  its  beat  was  IS-O'C.  In  a  similar  experiment  the  cooling 
was  accomplished  twice  as  rapidly,  and  then  the  lowest  temperature  at 
which  the  heart  was  active  was  17.I°C.  These  experiments  were  per- 
formed on  two  occasions  only,  and  are  consequently  merely  suggestive 
of  the  imperative  consideration  to  be  given  to  the  time  factor  in  deter- 
minations of  temperature  limits.  As  has  been  pointed  out  by  Crosier 
('16,  p.  329),  attention  to  such  sources  of  error  is,  however,  all  too  uncom- 
mon in  biologic  investigations. 

Bearing  this  in  mind,  we  may  say  that  the  range  of  temperature  over 
which  the  heart  of  Aecidia  is  active  is  about  20°.  The  lower  limit  varies 
around  IS";  the  upper  limit  is  near  36°C. 

The  effect  of  the  temperature  is  evident  in  a  change  in  the  pulsation 
rate  and  in  the  velocity  of  the  contraction  wave.  Both  of  these  aspects 
of  the  cardiac  activity  admit  of  such  accurate  measurement  that  it 
seemed  desirable  to  investigate  quantitatively  their  relation  to  the 
temperature. 

The  method  adopted  was  simple,  uniform  and  avoided  certain  sources 
of  error.  The  animal  was  in  a  beaker  of  seawater,  which  in  turn  was  sus- 
pended in  a  larger  dish  of  water.  The  large  dish  received  the  brunt  of 
the  warming  and  coolin  g,  the  temperature  being  equalized  in  the  system 
by  constant  stirring.  At  selected  temperatures  measurements  were 
made  in  each  direction  of  the  beat:  five  of  the  velocity  or  three  of  the 
pulsation  rate,  depending  on  the  experiment.  The  actual  procedure 
was  to  make  determinations  at  room  temperature,  then  to  cool  the  ani- 
mal about  three  degrees  in  ten  minutes,  and  to  maintain  it  at  this  temper- 
ature for  ten  minuties.  During  the  last  two  minutes  of  this  period  read- 
ings  were  again  made,  after  which  the  cooling  continued  until  the  next 
selected  temperature  was  reached.  This  was  t^ain  maintained  for  ten 
minutes,  and  so  on,  the  process  being  repeated  until  the  lowest  tempera- 
ture was  recorded.  Then  the  animal  was  allowed  to  r€*urn  slowly  to 
room  temperature.  After  a  few  hours  the  warming  was  begun,  the 
experiment  proceeding  along  the  same  lines  as  before. 

The  relation  of  the  temperature  to  the  time  required  for  ten  beats  is 
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Fig.  5.  Relation  of  pulse  rate  to  temperature.    A,  number  of  seconds  re- 
quired for  ten  beats;  B,  number  of  beats  per  minute. 
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given  dislance;  B,  velocity  of  the  wave  in  centimeters  per  second. 

I«3  DioitizedbyGOOgle 


184  SELIC    HECHT 

given  for  one  anima)  in  curve  A  of  figure  5.  It  is  entirely  typical  of  the 
other  expwiments.  Curve  A  of  figure  6  expresses  similarly  the  avenge 
results  of  an  experiment  on  the  relation  of  temperature  to  the  velocity 
of  pulsation.  This  may  best  be  shown  as  the  time  required  fora  contrac- 
tion wave  to  pass  over  a  given  distance  along  the  heart.  The  two  curves 
resemble  the  numerous  figures  that  have  already  been  drawn  to  show 
the  relation  of  temperature  to  various  life  processes  (Kanitz,  '15), 

Although  there  has  been  hiuch  controversy  about  the  exact  shape  of 
such  curves  in  general,  the  matter  is  far  from  settled.  Snyder  ('13), 
among  others,  has  consistently  supported  the  idea  that  theiy  are  exponea- 
tial  in  character,  whereas  Krogh  ('14),  for  example,  has  interpreted  simi- 
lar results  as  linear  functions  of  the  temperature. 

A  minor  source  of  confusion  in  this  connection  is  the  difference  in 

the  methods  of  recording  data.  It  will  be  remembered  that  y=  ~  repre- 
sents the  equation  for  an  hyperbola  referred  to  its  asymptotes  as  axes, 
and  that  ^  =  a;  is  the  equation  of  a  straight  hne.  Consequently,  much 
depends  on  whether  the  experimental  value  itself  or  its  reciprocal  is 
used  in  plotting  the  results.  Figure  h  represents  just  such  a  situation. 
Curves  A  and  B  have  the  same  abscLssas,  whereas  the  ordinates  of  one 
are  the  reciprocals  of  those  of  the  other.  In  the  one  case  the  curves 
resemble  an  hyperbola;  in  the  other,  a  straight  line. 

Only  a  few  of  the  discrepancies  (cf,  Krogh,  '14,  p.  170),  however, 
are  to  be  explained  on  the  basis  of  this  confusion.  In  Ascidia,  for  ex- 
ample, two  phases  of  the  activity  of  the  same  organ  show  the  two  types 
of  results  illustrative  of  the  effect  of  temperature.  Curves  B  of  figure  5 
show  that  the  pulse  rate  is  clearly  a  linear  function  of  the  temperature. 
Its  temperature  coefficient  is  therefore  constant  for  the  complete  range 
oi  its  normal  .activity.  The  velocity  of  the  pulsation  wave,  however, 
isanexponentialfunctionof  the  temperature  (B,  fig.  6),  and  its  tempera- 
ture coefficient  varies  from  2.1  to  2.9. 

In  spite  of  the  heated  controversy  (Snyder,  '13,  p.  77,  footnote),  it 
is  difficult  to  see  wherein  either  result  is  possessed  of  any  great  signifi- 
cance. The  earlier  investigators  were  much  impressed  by  the  resem- 
blance between  the  temperature  coefficient  of  protoplasmic  activity  and 
of  chemical  reactions.  On  this  similarity  was  based  the  conclusion,  for 
example,  that  the  undeflying  process  of  the  heart  beat  is  a  single  chemi- 
cal reaction  (Harvey,  '11).  It  must,  however,  be  clear  at  present  that 
this  is  much  too  simple  an  explanation. 

Any  protoplasmic  movement  is  composed  of  several  chemical  and 
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physical  reactions,  which  may  differ  in  direction,  velocity  and  intensity 
(cf.  especially,  Flitter,  '14).  A  few  of  the  more  obvious  physiologic 
factors  which  are  concerned  in  the  heart  beat  of  Ascidia  atra  are :  the 
origin  of  the  internal  stimulus,  its  propagation  through  the  cell,  the  re- 
fractory period  of  the  muscle  and  the  degree  of  its  irritability.  Each 
of  these  is  undoubtedly  conditioned  by  several  reactions  which  result 
in  an  interplay  of  several  kinds  of  energy.  A  change  of  temperature 
has  an  individual  effect  on  these  numberless  reactions,  and  it  is  their 
resultant  which  is  expressed  by  the  relation  of  the  temperature  to  the 
frequency  of  the  pulsation. 

The  remarkable  thing,  to  my  mind,  is  not  whether  the  relation  be- 
tween temperature  and  pulse  rate  is  linear  or  exponential,  but  that  there 
exists  any  definite  relation  at  all.  The  real  significance  of  temperature 
effects  will  not  become  clear  from  a  superficial  comparison  with  simple 
chemical  reactions.  Their  interpretation  will  come  only  after  an  analy- 
sis of  the  principal  reactions  concerned  in  protoplasmic  activity,  much 
as  the  understanding  of  the  timbre  of  a  musical  sound  is  the  resultof  its 
resolution  into  the  tones  and  ovcitones  combined  in  its  production. 

IV.      SUMMARY 

1.  The  blood  of  Ascidia  atra  is  colorless  and  transparent.  It  flows 
through  the  body  under  an  appreciable  pressure, 

2.  The  blood  plasma  is  isotonic  with  seawater. 

3.  The  blood  has  an  acid  reaction;  the  acidity  is  resident  in  the  green 
corpueoles  and  not  in  the  plasma. 

4.  There  are  at  least  two  kinds  of  cells  in  the  blood:  pigmented  and 
unpigmented.  Of  the  pigmented  cells,  the  green  are  distributed  all  over 
the  body;  the  orange  are  localized  in  the  branchial  sac;  and  the  blue  are 
found  in  the  regions  of  the  viscera,  etc.  Some  of  the  unpigmented  cells 
are  ameboid;  others  are  not. 

5.  In  the  green  cells,  the  pigment  is  a  compound  containing  vanad- 
ium, probably  in  a  stage  of  oxidation  corresponding  to  ViOi.  It  is  not 
a  respiratory  pigment  but  is  moat  likely  of  value  as  a  catalytic  ^ont. 

ti.  The  coagulation  of  the  blood  depends  on  the  ^cglutination  of  its 
cells.  Clotting  often  occurs  within  the  intact  blood  s\-.stem  as  a  result 
of  vigorous  external  stimulation. 

7.  The  heart  of  Ascidia  atra  is  long  and  has  a  node  which  divides  it 
unequally.  The  presence  of  the  node  may  be  demonstrated  physiologi- 
cally as  well  as  anatomically. 
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8.  A  pericardial  body  is  preseat. 

d.  In  most  of  the  animals  a  pulsation  series  shows  about  twice  as  many 
advisceral  beats  as  abviscersl  beats. 

10.  The  pulse  rate  decreases  as  the  size  of  the  animal  increasee.  It  is 
greater  in  the  adviscera)  phase  than  in  the  abvisceral  phase. 

11.  The  velocity  of  the  contraction  wave  is  greater  in  the  advisceral 
direction  than  in  the  abvisceral  direction. 

12.  The  greater  activity  of  the  heart  during  the  abvisceral  phase  of  a 
pulsation  cycle  indicates  that,  in  spite  of  the  periodic  reversal  of 
direction,  there  is  a  resultant  circulation  of  the  blood  in  the  advisceral 
direction. 

13.  These  facts  are  incompatible  with  the  "back  pressure"  explana- 
tion of  the  periodic  reversal  of  the  heart  beat.  They  are,  however,  in 
harmony  with  the  idea  that  the  reversal  is  due  to  the  alternating  domi- 
nance as  pacemakers  of  the  two  ends  of  the  heart. 

14.  The  presence  of  a  central  beat,  the  suppression  of  the  abvisceral 
beat. and  the  magnitude  of  the  velocity  of  the  pulsation  wave  indicate 
that  the  heart  beat  is  myogenic,  and  that  the  contraction  wave  passes 
along  the  muscular  elements  across  the  heart. 

15.  The  pulsation  rate  is  a  linear  function  of  the  temperature,  whereas 
the  velocity  of  the  pulsation  wave  is  an  exponential  function  of  the  tem- 
perature. Neither  relation  is  shown  to  be  of  real  significance  in  view  of 
the  complexity  of  reactions  involved  in  the  heart  beat. 
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EVIDENCE  FOR  THE  ENZYMATIC  BASIS  OF  HEART-BEAT' 
MARY  MITCHELL  MOORE 

Prom  the  Pkysiologieal  Laboratory  of  Rulgera  College,  New  Brunswick,  New  Jersey 
Received  for  publication  December  6,  1917 

Among  the  many  iavestigators  who  studied  the  effect  of  tempera- 
ture on  the  heart-beat,  Cyon  (1)  did  the  most  conclusive  of  early  work. 
He  studied  the  effect  of  changes  of  temperature  on  the  number,  dura- 
tion and  strength  of  the  beats  of  the  excised  frog  heart.  He  found 
that  the  rate  increased  regularly  with  the  temperature  until  the  number 
of  beats  reached  a  maximum.  After  reaching  this  point  the  rate  be- 
came irregular  and  slowed  rapidly  so  that  the  heart  came  to  rest  only 
a  few  degrees  above  the  maximum,  between  30°  and  40°.  These 
observations  were  extended  and  confirmed  for  the  mammalian  heart 
by  Newell  Martin  (2)  and  by  Langendorff  (3).  G.  N.  Stewart  (4) 
found  that  extreme  high  temperatures  cause  first  an  increase  in  rate 
to  a  maximum  and  later  a  decrease  followed  by  standstill  in  the  hearts 
of  the  frog,  toad  and  turtle.  The  same  was  found  to  be  true  of  the 
terrapin  heart  by  E.  G.  Martin  (5). 

The  problem  took  on  a  new  aspect  with  the  application  of  the  law 
of  van't  Hoff  and  Arrheniua  to  biological  reactions.  This  law  applies 
to  chemical  reactions  and  states  that  for  every  increase  of  ten  degrees 
in  temperature  the  rate  of  reaction  is  doubled  or  trebled.  A  great 
number  of  investigators  have  established  the  fact  that  metabolic  proc- 
esses are  influenced  by  heat  in  the  same  direction  and  degree  as  chem- 
ical reactions,  and  they  have  shown  that  the  law  holds  for  medium 
temperatures  (10°  to  27°).  The  conclusion  arrived  at  is  that  life 
activities  are  at  bottom  chemical. 

The  question  at  issue  is.  Does  the  law  hold  for  higher  temperatures, 
and  in  case  of  deviation,  what  are  the  modifying  factors?  The  heart- 
beat of  Crustacea  {6},  of  cold-blooded  (7)  and  wann-hlooded  verte- 
brates (8)  has  been  shown  to  obey  this  law  within  the  medium  range. 
If  the  law  holds  for  higher  temperatures,  the  heart  ought  to  beat  with 

'  Siibmitled  in  partial  fulfilment  of  the  requiremenis  tor  (he  degree  of  Doctor 
of  Philosophy  at  Rutgers  College. 
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increaeing  velocity  as  the  temperature  is  raised  until  it  abruptly  stops 
St  the  critical  coagulation  point. 

Loeb  (9)  long  ago  suggested  that  the  heart  owes  its  rhythmieity  to 
the  "constant  fermentative  production  of  certain  compounds  in  the 
automatically  active  cell."  If  this  idea  is  correct,  .the  curve  of  the 
rate  of  heart-beat  plotted  against  temperature  should  be  a  typical 
enzyme  curve  and  the  temperature  coefficient  of  the  rate  of  heart-beat 
should  show  the  same  variations  which  that  of  enzyme  reactions  do, 
i.e.,  become  smaller  with  increasing  temperature.  The  rate  of  reaction 
should  inorease  more  r^idly  at  low  temperature  than  at  medium 
temperature;  should  then  obey  the  law  of  van't  Hoff  and  Arrheniua 
for  the  middle  range;  should  reach  a  maximum  and  finally  fall  off  to 
sen)  with  further  rise  in  temperature.  In  the  last  few  decrees  in 
which  any  reaction  is  detected,  there  should  be  a  n^ative  tempera- 
ture coefficient.  It  is  known  that  the  rule  of  van't  Hoff  holds  for 
enzymes  generally  between  15°  and  35°.  Above  35°  and  below  45° 
the  increase  in  velocity  of  reaction  is  greater  than  the  law  predicts, 
while  above  45°  there  is  a  rapid  fall  possibly  due  to  the  destruction  of 
the  ensyme  at  the  high  temperature  (10).  The  position  of  the  maxi- 
mum and  the  killing  temperature  varies  a  great  deal  with  different 
methods  and  different  ferments  but  the  characteristic  effects  of  tem- 
perature on  the  rate  of  the  reaction  is  the  same  in  all  cases. 

THE    EFFECT   OF   TEMPERATURE   ON    THE   RATE 

Dr.  Loeb  su^ested  to  me  the  possibility  of  determining  whether 
the  law  of  van't  Hoff  and  Arrhenius  holds  for  the  heart-beat  at  high 
temperatures  or  whether  the  course  of  the  reaction  is  like  that  of  an 
ensyme.  Accordingly,  in  the  summer  of  1917,  I  carried  out  a  series 
of  experiments  on  Fundulus  embryo-hearts. 

FunduIuB  heteroclitus  embryos  were  used  from  the  time  the  heart 
had  begun  to  beat  rqjularly  until  it  was  obscured  by  the  developing 
pigment,  i.e.,  when  the  embryos  were  from  seven  to  fourteen  days  old. 
The  embryo  was  placed  in  a  small  Petri  dish  holding  10  cc.  of  seawater, 
the  temperature  of  which  was  varied  by  means  of  a  surrounding  water- 
bath.  The  bulb  of  a  thermometer  was  placed  in  the  small  Petri  dish 
as  near  as  possible  to  the  embryo.  The  time  for  twenty  beats  of  the 
auricle  was  taken  with  a  stop-watch  after  the  mercuiy  had  registered 
a  convenient  temperature  continuously  for  about  two  minutes.  Th« 
embryo  was  kept  under  observation  during  the  entire  course  of  the 
experiment,  the  temperature  being  gradually  but  steadily  raised  from 
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room  temperature  or  a  little  below,  to  the  point  at  which  the  heart 
ceased  beating  altogether.  From  32°  to  46°  the  readings  were  taken 
as  rapidly  as  possible. 

The  results  of  these  experiments  are  illustrated  by  the  experiments 
and  their  coire^mnding  graphs  given  below.     The  rate,  calculated  as 

100 
=: ^ —      .  is  plotted  against  temperature  (see  tables  and  fig- 

ures 1  and  2). 

The  rate  increases  quite  regularly  with  the  temperature  from  10°  to 
40°.  Above  40°  the  rate  suddenly  increases  more  rapidly  than  before, 
and  above  41°  to  43°,  the  curve  falls  to  zero.  The  exact  position  of 
the  maximum  depends  upon  the  length  of  time  exposed  to  the  high 
temperature,  and  upon  the  length  of  time  taken  to  raise  the  tempera- 
ture to  a  high  level.  This  time  factor  will  be  discussed  later.  The 
shorter  the  time,  the  higher  the  maximum.  As  nearly  as  was  possible 
the  length  of  time  taken  up  by  each  experiment  was  kept  at  about 
fifteen  minutes  in  all. 

THE    TIME    FACTOR 

Some  experiments  were  made  in  which  the  temperature  of  the  water- 
bath  was  towered  from  46°  to  room  temperature,  instead  of  raised 
from  a  lower  to  a  higher  temperature.  One  of  these  experiments, 
number  9,  is  quoted  below  (see  table  3). 

It  is  evident  that  in  this  experiment  the  influence  of  leiigl  Ii  of  ex- 
posure is  shown.  At  45°  and  46°  the  rate  steadily  decreases.  When 
the  temperature  is  lowered,  the  rate  increases  to  a  maximum  and  the 
temperature  coefficient  becomes  positive.  The  factor  of  length  of 
exposure  must  be  important  at  temperatures  near  the  death  point  of 
the  organism;  but  it  is  neRligible  at  medium  or  normal  temperatures 
since  the  animal  spends  a  lifetime  at  such  temperatures.  Using  the 
method  described  by  Loeb  and  Ewald  (11)  in  their  experiments  on  the 
effect  of  temperature  on  the  heart-beat  of  Fundulus  embryos,  I  deter- 
mined the  temperature  at  which  the  rate  of  heart-beat  was  greatest 
after  from  fifteen  t^  twenty  minutes  in  a  thennostat.  The  n^^ximum 
rate  was  found  at  32°  or  33°.  The  maximum  is  much  higher  in  the 
above  results  because  the  time  of  exposure  has  been  greatly  lessened. 
At  temperatures  higher  than  the  optimum  the  time  factor  becomes 
greater  with  each  degree.  If  the  injurj'  due  to  length  of  exposure  were 
xero,  as  at  temperatures  below  32°,  the  rate  would  continue  to  rise  with 
the  temperature  until  the  coagulation  point  of  the  tissues  is  reached. 
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As  a  matter  of  fact,  injury  by  exposure  intervenes,  just  as  in  an  ensyme 
reaction,  and  slows  the  rate  before  an  observation  can  be  made,  since 
the  time  factor  cannot  be  completely  eliminated.    The  slowing  of  the 


«HrimATiiu 

TIMZ  rOB  10  Bi*™ 

Jmw 

,K<mi, 

100 

33.2 

3.0 

12.5 

27.0 

3.7 

18.0 

17.6 

5.6 

18.0 

14.8 

6.7 

20.0 

12.0 

8.3 

24.0 

9.0 

11.1 

27.0 

7  5 

13.3 

20.0 

66 

15  1 

32.0 

5.6 

17. S 

36.0 

5.2 

19.2 

39,0 

4.0 

25.0 

42  .n 

3.6 

27.7 

430 

3,0 

33,3 

44.0 

2,8 

35,7 

45-0 

3.2 

31,2 

46.0 

4.0 

25,0 

47.0 

4.2  slopped 

23.8 

.™....„ 

TIUK  ro«  m  MAT. 

_  m^ 

rffw. 

•»wJ. 

11 

27,4 

36 

15 

15  4 

6,5 

20 

10,0 

10,0 

24 

7.5 

133 

28 

6,4 

15,6 

33 

5,0 

200 

35 

4,8 

20,8 

38 

4.2 

23,8 

40 

3.6 

27,7 

42 

30 

33  3 

43 

2,B 

384 

44 

3,2 

31  2 

45 

4.0 

23  0 

46 

Mopped 

Digitized  by  L.iOOQIC 


A 

/I 

y 

/ 

\ 

/ 

" 

^r 

/ 

^ 

y 

-^ 

Figure  1  from  table  1 


40 


A 

/. 

1 

M 

,^ 

/ 

y 

/ 

^ 

y' 

/ 

y 

1 

0 

2. 

4 

.■■ 

) 

' 

> 

Figure  2  from  table  2 


d  by  Google 


BNZYBfATIC  BASIS  OP  MEART-BEAT 


168 


rate  comes  before  the  coagtilation  process  has  become  irreversible,  or 
possibly  before  any  coagulation  has  occurred.  The  heat  may  partly 
destroy  the  enzyme  before  it  has  killed  the  cells,  in  which  case  com- 
plete recovery  of  the  heart  should  occur  when  the  temperature  is 
lowered  even  if  the  heart  has  altogether  ceased  to  beat.  This  in  fact 
is  the  case  and  can  be  observed  with  any  embryo.      ' 

If  the  embryo  is  kept  at  a  constant  high  temperature  and  observed 
continuously,  the  rate  of  heart-beat  is  seen  to  increase  at  first,  then  to 
decrease  and  finally  to  fall  to  zero.  This  is  shown  by  the  following 
experiment  (see  table  4). 

TABLE  3 
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THE   TEHPEKATCRE   COEFFICfENT 

C.  G.  Rogers  (12)  has  shown  that  the  temperature  coefficient  of 
the  rate  of  heart-beat  of  the  Fundulus  embryo  is  of  the  order  of  magni* 
tude  of  a  chemical  reaction.  Loeb  and  Chamberlain  (13)  pointed  out 
that  the  temperature  coefficient  of  the  rate  of  heart-beat  agrees  with 
the  supposition  that  the  heart-beat  is  determined  by  the  velocity  of  an 
ensyme  reaction.  The  temperature  coefficients  of  various  eniyme 
reactions  have  been  determined  for  the  entire  temperature  range  of 
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their  action  (14).     The  values  of  Qm  in  all  these  cases  are  higher  for 
temperatures  near  zero  and  decrease  as  the  temperature  is  raised. 

The  following  table  (table  5)  gives  in  terms  of  beats  per  minute  the 
average  rates  of  heart-beat  from  a  large  number  of  observations.  Pre- 
vious to  making  the  observations  the  embryos  were  kept  in  a  ther- 
mostat at  the  desired  temperature  for  from  fifteen  to  twenty  minutes. 
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The  temperature  coefficients  are  calculated  for  10  degree  intervale. 
The  resemblance  of  these  values  to  the  temperature  coefficients  of 
enzyme  action  is  obvious.  In  this  connection  it  is  interesting  that 
E.  N,  Harvey  (15)  determined  the  effect  of  temperature  on  the  pulsa- 
tions of  the  medusa  Cassiopea  xamachana,  and  found  that  the  tem- 
perature coefHcient  resembles  closely  that  of  an  enzyme  action. 
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HEART-BLOCK 


If  the  temperature  of  the  heart  is  gradually  raised,  a  point  is  reached 
at  which  the  normal  rhythmical  sequence  of  the  parts  no  longer  occurs. 
G.  N.  Stewart  (16)  observed  heart-block  as  the  result  of  heat  in  the 
case  of  the  frog.  With  Fundulus  embryos  a  block  develops  so  that 
regularly  not  all  of  the  beats  of  the  auricle  are  followed  by  ventricular 
contractions.  If  the  heart  is  not  heated  too  suddenly,  the  block 
develops  in  well-defined  steps.  The  ratio  of  auricular  to  ventricular 
beats  may  be  successively,  6/5,  5/4,  4/3,  3/2,  2/1,  3/1,  etc.,  until 
the  ventricle  stops  beating  altogether.  If  the  temperature  is  then 
slowly  lowered,  the  reverse  changes  in  the  ratios  take  place  until  the 
normal  sequence  is  resumed.  The  temperature  at  which  the  block 
appears  is  two  or  three  degrees  above  that  at  which  the  block  disap- 
pears upon  lowering  the  temperature.  The  exact  point  at  which  the 
block  appears  depends  upon  the  former  treatment  of  the  embryo. 
Embryos  which  had  been  kept  in  a  refrigerator  with  a  temperature  of 
from  8°  to  10°  for  several  days,  when  gradually  heated  developed 
heart-block  at  from  28°  to  29°  in  every  instance.  Embryos  which  had 
been  kept  at  room  temperature  developed  block  at  from  34°  to  35°, 
while  embryos  which  had  been  kept  at  34°  to  35°  for  an  hour  and  bad 
recovered  fiom  the  block  at  that  temperature,  had  normally  beating 
hearts  up  to  41°  or  42°.  If  the  embryo  is  kept  for  some  few  minutes 
at  the  temperature  at  which  the  block  appears,  the  heart  recovers  its 
nonnal  beat,  and  in  order  to  produce  block  again,  the  temperature 
must  be  further  raised.  I  never  observed  a  recovery  above  39°,  how- 
ever. One  embryo  was  kept  at  39°  without  affecting  the  block,  for  an 
hour  and  a  quarter,  when  the  experiment  was  discontinued.  After  a 
half  hour,  during  which  the  temperature  had  fallen  to  that  of  the 
room,  the  heart  had  completely  recovered  its  normal  beat. 

The  ventricle  is  unable  to  beat  at  temperatures  above  42°.  The 
auricle  stops  beating  at  from  44°  to  46°,  according  to  the  length  of 
time  exposed,  and  the  sinus  stops  immediately  after  the  auricle.  It 
was  difficult  to  determine  this  point  exactly  since  the  beats  of  the 
sinus,  besides  being  ver>'  rapid  at  high  temperatures,  become  weak  and 
almost  indistinguishable.  In  several  experiments  the  sinus  was  seen 
to  beat  two  or  three  times  immediately  after  the  auricle  had  ceaaed 
beating,  and  then  to  come  to  rest,  relax  and  fill  with  blood  from  the 
auricle  and  ventricle.  In  every  case  after  standstill  of  the  heart,  the 
sinus  was  full  of  blood  so  that  the  spot  was  visible  to  the  naked  eye. 
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CONCLUSIONS 

1.  The  changes  in  the  rate  of  the  heart-beat  of  the  FunduIuB  em- 
bryo at  high  temperatures  are  such  as  would  be  expected  in  ease  the 
rhythmical  contractions  of  the  heart  depend  upon  the  velocity  of  an 
enzyme  reaction. 

2.  With  high  temperatures  the  length  of  time  exposed  is  an  impor- 
tant factor.  The  longer  the  time  exposed,  the  lower  the  temperature 
necessary  to  bring  about  standstill  of  the  heart,  indicating  a  tempera- 
ture coefficient  of  the  destruction  of  the  enzyme. 

3.  The  values  of  Qm  are  shown  to  be  higher  at  temperatures  near 
zero  and  to  decrease,  as  is  the  case  with  enzymes,  when  the  tempera- 
ture is  raised. 

4.  Auriculo-ventricular  block  was  observed  as  a  result  of  high  tem- 
perature. The  ventricle  is  first  affected  by  the  high  temperature,  and 
finally  the  auricle  and  sinus. 

I  wish  to  thank  Professor  A'.  R.  Moore  for  constant  encouragement 
and  many  helpful  suggestions  in  carrying  out  this  work. 
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The  experiments  described  in  the  followinf!;  resiiitc<l  from  an  endeavor 
to  diBcover  the  cause  of  the  marked  fall  of  blood  pressure  following  the 
administration  of  certain  drugs;  they  have  led  to  the  concluaion  that 
there  is  present  in  mammals  (and  perhaps  other  animals)  a  vasodilator 
mechanism  not  recognized,  or  only  vaguely  recognized,  capable  of 
reeponding  with  more  intense  reactions  than  any  of  the  mechanisms 
generally  recognized  and  one  which  may  be  more  perfectly  controlled 
than  the  latter. 

The  present  work  began  with  the  discovery  by  Taveau  and  myself 
in  1906  of  the  intense  blood  pressure  lowering  action  of  acetyl>choIin.' 
In  our  first  publication  (1)  on  this  subject  I  said, 

I  think  it  B&fe  to  state  that,  as  regards  its  effect  upon  the  circulation  it  (acet- 
yl-cholin)  is  the  most  powerful  substance  known.  It  is  one  hundred  thousand 
times  more  active  than  cholin,  and  hundreds  of  times  raorc  active  than  nitro' 
glycerin;  it  is  a  hundred  times  more  active  in  causing  a  Tall  or  blood  pressure 
than  is  adrenalin  in  causing  a  rise. 


>  In  our  paper  in  1906  Taveau  and  I  described  a  phyi^iologieal  test  for  cholin , 
baaed  upon  its  conversion  into  the  acetyl  compound,  by  means  of  which  O.OOOt 
ngm.  or  less  of  cholin  could  be  detected.  This  method  was  later  elaborated 
(2)  using  the  isolated  frog  heart  as  a  test  object  so  that  0.00001  mgm.,  and  prob- 
ably less,  cholin  could  be  detected;  a  number  of  applications  of  the  method  were 
described.  Ten  years  after  our  first  description  of  this  method  Guggenheim  and 
LoefHer  (3)  without  knowing  of  my  work  (as  slated  in  a  letter  from  Doctor 
Loeffler)  published  a  similar  method  making  use  of  the  guinea  pig  intestine  as 
a  test  object.  This  method  seems  ( I  have  not  seen  the  original  paper)  to  be  far 
less  sensitive  than  mine;  but  sllhouKh  these  authors  do  not  seem  to  have  taken 
the  precautions  I  did  to  avoid  splitting  off  cholin  from  the  lecithin  of  the  scrum 
the  figures  given  for  the  cholin  content  of  the  blood  scrum  (from  0.2  lo  2.0  mgm. 
per  100  ce.)  are  similar  to  those  I  found.  Tfaeir  observations  upon  the  rapid 
disappearance  of  cholin  from  the  blood  and  upon  the  amount  present  in  the 
urine  also  agree  with  mine.  Pilhner  (4)  is  quoted  aa  havinjc  emphasited  the 
superiority  of  the  frog  heart  as  a  test  object. 
197 
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These  results  werj  fully  substantiated  in  subsequent  work  and  were 
confirmed  eight  years  later  by  Dale  (13).  Figure  1  shows  the  effect 
of  0.000,000,002,4  mgm.  of  acetyl-cholin  per  K  upon  the  blood  prcs> 
sure  when  injected  intravenously  into  a  cat.  The  response  was,  I 
beUeve,  more  active  in  this  experiment  than  in  any  other;  the  stated 
dose  caused  the  same  fall  of  pressure  repeatedly.  Injections  of  equal 
amounts  of  the  0.9  per  cent  sodium  chloride  solution  used  in  making 
the  acetyl-cholin  solution,  had  no  effect.  In  order  to  avoid  the  possi- 
bility  of  an  error  in  the  dilution  a  fresh  series  of  dilutions  was  made; 
the  results  were  the  same. 


Pig.  1.  Kxperimcnt  369.  Cat,  4.10  K;  paraldehyde;  vagi  cut.  Blood  pressure 
from  left  femoral  artery;  injections  into  right  saphenous  vein.  S-IS,  1  cc.  of 
acetyl-cholin  1 :  100,000,000,000.    $-S$,  I  cc.  0.9  per  cent  sodium  chloride  solution. 

Taveau  and  I  also  described  in  1006  a  chemical  test  for  cholin  based  upon  it« 
eonventioD  into  the  beatoyl  compound  and  the  precipitation  of  the  latter  with 
platinum  chloride;  this  test  seemed  to  have  advantages  over  the  tests  then  in 
use  (of.  5). 

My  work  on  the  cholin  esters  was  suggested  by  some  woric  1  had  done  pre- 
viously which  had  resulted  in  the  isolation  of  cholin  from  adrenal  extracts  and 
the  identification  of  it  as  the  chief  substance  causing  the  fall  of  blood  pressure 
of  such  extracts  after  the  removal  of  the  epinephrin  (B)— an  observation  fre- 
quently ascribed  to  Lohmann,  but  the  publication  of  my  work  antedated  that  of 
,Lohmann  by  seven  years.  .4.t  that  time  no  -one.  apparently,  except  Marino- 
Zucco  (who  hud  reported  finding  "neurin,"  evidently  cholin,  in  the  adrenal 
glands)  had  isolated  cholin  from  any  organ  extract  and  the  thought  at  once 
occurred  to  me  that  possibly  this  substance  might  represent  an  internal  secre- 
tion of  the  cortex  in  the  same  way  that  epinephrin  was  supposed  to  be  an  inter- 
nal secretion  of  the  medulla.  Further  work  (7)  (1)  suggested  that  there  may 
be  present  in  the  adrenal  glandu  compounds  of  cholin  much  more  active  than 
cholin  itself  and  this  led  me  to  prepare  and  study  pharmacologically  a  few  cholin 
esters  already  known  and  later,  in  collaboration  with  Taveau  and  Menge  to 
prepare  and  study  a  large  number  of  new  cholin  and  analogouN  cnrnpounds  (I), 
(8).  (9).  (to).  (11).  (12). 
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Acetyl-cbolin  was  but  one  of  nearly  a  hundred  compounds  (none  of 
which  at  that  time  had  been  studied  pharmacologically  and  most  of 
which  bad  not  previously  been  made)  tested  by  Taveau  and  myself 
and  my  physiological  investigations  were  necessarily  of  a  preliminary 
nature  and  I  (incorrectly  as  I  now  know)  attributed  the  fall  of  blood 
pressure  resulting  from  acetyl-cbolin  largely  to  an  action  upon  the 
heart  ("negative  inotropic  action").  I  based  this  preliminary  con- 
clusion upon  the  following  experiments:  comparatively  large  doses 
cause  a  marked  slowing  of  the  heart  evidently  from  a  stimulation  of 
vagus  endings;  concentrations  of  acetyl-cholin  which  had  a  pronounced 
weakening  effect  upon  the  frog's  heart  had  no  effect  upon  the  outflow 
when  perfused  through  the  vessels  of  the  frog;  with  the  animals  (dogs) 
and  anaesthetics  employed,  the  myocardiograph  showed  a  marked 
weakening  of  the  auricle  and  definite  inhibitory  changes  in  the  ventricle 
(which  will  be  described  later)  when  amounts  of  acetyl-cholin  having  a 
minimal  effect  upon  the  blood  pressure  and  no  effect  upon  the  heart 
rate,  were  injected;  in  two  or  three  experiments  in  which  the  Aimfleg 
of  Uie  animal  was  placed  in  a  plethysmograph  acetyl-cholin  caused 
sometimes  no  change  in  the  volume,  sometimes  a  diminution  (evi- 
dently passive;  see  figs.  6  and  14,  pp.  206  and  215)  or  a  dilatation  which 
'  occurred  after  the  blood  pressure  had  returned  to  ilormal  and  which 
might  possibly  have  been  attributed  to  a  rise  of  vena  cava  pressure  or 
interpreted  as  "a  reaction  to  diminished  tension"  (14);  in  what  seemed 
to  be  satisfactory  perfusion  experiments  upon  three  rabbit  ears  acetyl- 
cholin  either  had  no  effect  on  the  outflow  or  caused  a  diminutiou  (vaso- 
constriction). Similar  results  have  frequently  since  been  obtained  but 
I  realise  that  they  are  not  sufficient  to  disprove  the  contention  of 
Dale  that  vasodilation  is  a  large  factor  in  the  fall  of  blood  pressure 
from  acetyl-cholin. 

Another  fact  which  inclined  me  to  the  view  that  the  fall  of  blood 
pressure  was  of  cardiac  origin  was  the  observation  made  by  Taveau 
and  myself  in  1906  that  the  fall  was  prevented  by  small  amounts  of 
atropine.  No  one  had  at  that  time,  so  far  as  I  am  aware,  shown  that 
atropine  has  a  paralysing  action  upon  vasodilator  nerves;  in  fact  it 
had  long  been  a  coounon  physiological  demonstration  that  atropine 
does  not  paralyze  the  most  frequently  studied  of  these  nerves  (chorda 
tympani).  And,  of  course,  it  has  long  been  known  that  atropine  does 
not  prevent  the  action  of  drugs  (nitrites,  for  example)  which  are  be- 
lieved to  act  directly  upon  the  muscle  of  the  vessels. 

On  the  other  band,  as  is  well  known,  atropine  does  paralyse  all  of 
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the  endings  of  the  inhibitory  nerves  to  the  heart  and  it  aboIiBhes  all  of 
the  effects  of  acetyl-cholin  upon  the  heart;  there  is  not,  however,  as 
was  shown  in  one  of  the  earlier  papers,  a  strict  parallelism  between 
the  action  of  atropine  and  of  various  members  of  the  atropine  series 
in  paralyzing  the  cardio-inhibitory  nerves  and  their  action  in  prevent- 
ing the  fall  of  blood  pressure  from  acetyl-cholin,  I  had  also  observed 
that  acetyl-cholin,  and  especially  some  of  its  homologues,  has  a  stimu- 
lating action  upon  other  organs  innervated  by  the  parasympathetic 
nervous  system  (salivary  glands,  intestines  and  eye).  Hence  the 
hypothesis  that  the  blood  pressure  lowering  action  of  acetyl-cholin  was 
but  a  part  of  its  stimulating  action  upon  the  parasympathetic  nervous 
system  seemed  reasonable;  and  as  the  only  part  of  this  syBtem  the  ■ 
stimulation  of  which  could  be  expected  to  cause  a  fall  of  blood  pres- 
sure and  which  is  also  paralyzed  by  small  doses  of  atropine  is  the  cardio- 
inhibitory  mechanism,  I  was  led  to  the  view  that  this  was  probably 
the  explanation. 

It  was,  however,  easy  to  confirm  the  work  of  Dale  that  acetyl-cholin 
does  have  a  pronounced  vasodilator  action,  but  there  were  a  number  of 
points  which  seemed  worthy  of  further  investigation.  Thus  the  ques- 
tion, through  what  mechanism  does  the  drug  act,  was  unanswered. 
There  were,  as  afready  intimated,  good  reasons  for  believing  that  the 
vasodilation  was  not  due  to  any  considerable  degree  to  an  action  upon 
the  endings  of  known  "parasympathetic  vasodilators;"  the  possibility 
that  it  was  exerted  through  the  posterior  root  or  the  so-called  "sym- 
pathetic" vasodilators  remained  to  be  considered.  Also  the  questions 
arose  whether  the  mechanism  through  which  acetyl-chohn  act«  (which 
is  by  far  the  most  powerful  vasodilator  reaction  known)  is  involved 
in  the  action  of  other  drugs  or  in  that  of  the  depressor  and  other  nerves 
causing  reflex  changes  in  the  blood  pressure.  These  and  some  other 
questions  will  be  considered  in  a  subsequent  communication.  It 
seemed  desirable  to  first  determine  more  fully  in  what  organs,  or  vascu- 
lar areas,  the  acetyl-cholin  vasodilation  occurs;  this  is  the  chief  pur- 
pose of  the  present  communication. 

THE     VASCULAR    AREAS    INVOLVED    IN    THE    VASODILATION    CAUSED    BT 
ACETYL-CHOLIN 

The  only  author  who  has  discussed  this  subject  is  Dale;  reference 
will  be  made  to  his  results  in  connection  with  individual  organs. 

Ligation  of  arteries  to  various  areas.    Before  considering  the  action 
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of  acetyl-choUo'  upon  individual  organs  brief  reference  may  be  made 
to  the  results  of  a  few  experiments  in  which  the  effect  of  acetyl-cholin 
upon  the  blood  pressure  was  determined  after  the  elimination  of  ex- 
tensive vascular  areas  by  the  ligation  of  their  arteries.  The  results  of 
such  experiments  were  obviously  complicated  by  the  fact  that  the 
drug  reached  the  remaining  tissues  in  greater  concentration  after  the 
elimination  of  large  vascular  areas.  Thus,  with  rather  high  dosage, 
slowing  of  the  heart  (action  upon  the  terminations  of  the  cardio-inhibi- 
tory  nerves)  was  more  marked  after  the  ligation  of  a  number  of  arteries. 

When  the  abdominal  aorta  was  clamped  just  below  the  diaphragm  the 
absolute  fall  of  blood  pressure  from  a  given  dose  of  acetyl-cholin  injected 
into  the  jugular  vein  was  greatly  increased;  doses  which  had  previously 
been  ineffective  became  effective  (exps.  349,  350).  The  percentile  fall 
was  usually  but  not  always  increased  abo.  Such  results  show  that 
the  splanchnic  area  is  not  essential  for  the  vasodilator  action  of  acetyl- 
cholin.  The  results  were  different  with  nitroglycerin:  after  clamping 
the  abdominal  aorta  not  only  the  percentile  but  the  absolute  fall  was 
less  (exp.  350).  These  experiments  suggest  that  in  the  fall  of  blood 
pressure  from  acetyl-chohn  the  spUnchnic  area  ic  involvd  to  a  less 
extent  than  it  is  in  the  fall  of  pressure  from  nitroglycerin. 

Ligation  of  the  main  vessels  to  the  splanchnic  area  (the  coeliac  axis, 
the  superior  and  inferior  mesenteric  and,  in  some  cases,  the  renal 
arteries)  increased  both  the  absolute  and  usually  the  percentile  fall  of 
blood  pressure  (exps.  363,  432,  435,  478,  480,  488) ;  the  fall  from  nitrxi- 
glycerin  was  diminished  (exp.  480).  Ligation  of  the  carotids,  sub- 
clavians  and  abdominal  aorta  (just  above  the  iliacs)  diminished  both 
the  absolute  and  percentile  fall  of  blood  pressure  from  acetyl-cholio 
(exp.  432).  Such  experiments  at  least  suggest  that  in  the  fall  of  blood 
pressure  from  acetyl-cholin  the  "peripheral"  blood-vessels  (i.e.,  those 
of  the  skin  and  muscles)  are  involved  to  a  greater  degree  than  are  those 
of  the  "splanchnic"  area.  It  may  be  mentioned  incidentally  that 
(confirmatory  of  Hartman  (15) )  in  some  of  these  experiments  doses  of 
epinephrin  which  had  caused  a  rise  of  pressure  before  the  splanchnic 
arteries  were  ligated  had  no  effect  or  caused  a  fall  after  their  ligation; 
that  doses  which  had  caused  a  fall  of  pressure  caused  a  rise  after  liga- 
tion of  the  "peripheral"  arteries.    On  the  other  hand,  at  times,  with 

•  By  "sclion  of  meet yl-choiin "  I  refer  in  this  {taper,  unlcM  olberwise  stated, 
to  the  vasodilator  action  of  small  dotes  which  is  prevented  by  atropine;  the 
drug  has,  under  certain  eondilions,  vasoconstrictor  and  other  vascular  actions 
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lai^  doses  of  epioephrin  ligation  of  the  coeliac  axis  increased  the  rise 
of  pressure;  this  probably  resulted  from  the  increased  concentration 
of  the  epinephrin  in  the  restricted  vascular  area  (exp.  488), 

A  number  of  organs  were  next  examined  to  determine  whether 
vasodilation  occurred  in  them  after  the  administration  of  acetylnjholin. 
The  methods  consisted  in  the  use  of  plethysmographs,  the  recording 
of  the  outflow  from  a  vein  and  the  [lerfusion  of  isolated  organs  with 
Ringer's  solution  containing  acetyl-cholin.  Air  pletbysmc^raphs  were 
used;  the  recording  apparatus  was  either  a  tambour  or  a  form  of  water 
manometer  the  distal  limb  of  which  was  somewhat  enlarged  and  in 
which  was  a  float  moving  in  a  layer  of  liquid  petrolatum,  which  trans- 
mitted the  volume  changes  to  a  delicate  lever.  The  apparatus  was 
somewhat  similar  to  that  recently  described  by  Hoskins,  Gunning  and 
Berry  (16).  A  record  of  the  blood  pressure  was  always  taken  in  the 
plethysmograph  and  venous  outflow  experiments;  this  often  helped  in 
determining  whether  a  given  change  in  volume  or  outflow  was  passive 
or  was  due  to  active  changes  in  the  vascular  areas.  In  many  cases, 
however,  the  blood  pressure  record  and  the  examination  of  a  single 
organ  were  not  sufBcient;  I  have  frequently  seen  a  pronounced  change 
in  the  volume  of  an  organ  or  in  the  venous  outflow  from  it  without  any 
change  in  the  blood  pressure,  but  when  another  organ  was  simultan- 
ously  examined  it  was  found  that  this  was  undergoing  changes  the 
reverse  of  those  in  the  other  organ;  that  is,  the  dilatation  or  constric- 
tion in  one  area  was  so  nearly  equalized  by  the  opposite  changes  else- 
where that  the  general  blood  pressure  was  unchanged.  Accordingly 
two  organs  were  usually  examined  at  the  same  time  as  well  as  the  blood 
pressure;  even  then,  however,  the  results  of  an  experiment  were  some- 
times difficult  to  interpret. 

The  figures  for  the  doses  of  acetyl-cholin  given  in  the  protocols  of 
the'experiments  are  often  far  from  accurate;  they  are  almost  invariably 
far  (often  many  times)  too  great.  Acetyl-cholin  undergoes  rather 
rapid  deterioration  both  in  solution  and  in  the  dry  state.  As  in  most 
of  thes  ■  experiments  I  was  not  especially  interested  in  quantitative 
results  I  usually  used  the  same  preparation  for  several  days  although 
I  knew  it  to  have  lost  much  of  its  activity;  control  experiments,  how- 
ever, showed  that  the  changes  were  purely  quantitative,  not  qualita- 
tive, in  character.  Unless  otherwise  stated  the  injections  were  made 
intravenously,  usually  into  a  saphenous  vein. 

Limba;  akin;  muscle.  Dale  found,  by  the  plethysmograph  method, 
a  dilatation  of  the  cat's  leg  to  result  from  the  intravenous  injection  of 
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acetyl-cholin ;  lie  does  not  state  whether  he  considered  the  dilatation 
to  occur  in  the  skin  or  muBcte  or  both. 

Before  describing  the  effects  of  acetyl-cholin  upon  the  volume  of 
the  limbfl,  as  detcnniQed  by  the  plethysmograph,  a  word  may  be  said 
as  to  the  effect  of  this  drug  upon  the  vena  cava  pressure;  an  objection 
sometimes  made  to  the  interpretation  of  plethysmograph  records  is 


Fig.  2.  P^xperiment  481.  Bitch,  0.7  K;  morphine;  other;  curare;  vagi  cut. 
PUthysmoKTBph  recorde  from  foreleg  (above)  anil  tefl  lobe  of  liver  (below), 
t'p  -  expansion.  At  i-tS  acelyl-cholin  (<  0.1  ia%.)  JDJccted  into  saphenoua 
vein.  Blood  prctwure  fell  3:2  mm.  Hg.:0.2  mgni.  nitroglyrcrin  rauited  almost 
ideotical  effects  upon  the  blood  pressure  and  the  volume  of  the  leg  and  liver; 
2  mgrn.  of  atropine  sulphate  prevented  the  action  of  acetyl-rholin  but  not  (hat 
of  nitroglycerin. 

that  a  rise  of  vena  cava  pressure  (caused  perhaps  by  nn  interference 
with  the  return  of  the  blood  to  the  heart  by  some  change  in  the  latter) 
may  lead  to  a  passive  dilatation  of  the  liinlw.  However,  a  number  of 
determinations  of  the  vena  cava  pressure  (made  by  connerting  the 
central  end  of  a  renal  vein  with  u  water  manometer)  .showed  only  a 
fall  when  acetyl-cholin  wa-s  injectcti  intravenously.  This  fall  of  vi-na 
cava  pressure  doubtless  resulted  from  an  increase  in  the  total  ViL-scuIar 
area  caused  by  the  vasodilator  action  of  acetyl-cholin. 
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I  invar^bly  found  a  dilatation  when  the  foreleg  of  an  animal  (cat, 
rabbit,  dog)  was  placed  in  a  plethysmograph  and  acetyl'<4ioliii,  suffi- 
cient to  cause  a  fall  of  blood  pressure,  was  injected.  Illustrations  of 
this  effect  are  shown  in  figures  2  to  7  and  19  (exps.  481,  488,  496,  471, 
477,  479,  468).  Tliis  result  was  obtained  although  the  blood  pressure 
might  be  very  low  (30  mm,  Hg.,  for  example).  It  was  also  often  ob- 
tained with  doses  of  acetyl-cholin  sufficiently  large  to  cause  slowing 
of  the  heart;  in  this  case  the  dilatation  was  oft«n  preceded  by  slight 
(passive)  contraction  (exp.  419).     Acetyl-cholin  caused  an  expansion 


Fig.  6.  Experiment  477.  Bitch  8.2  K;  morphine;  ether.  Plethyamograph  on 
right  hindleg  (above)  and  right  foreleg  (below);  up  -  expansioD.  At  t-i7+. 
0.2  mgm.  acetyl-cholin  injected  into  saphenous  vein;  blood  pressure  fell  from 
106  to  60  mm.  Hg. 

of  the  foreleg  in  experiments  in  which  stimulation  of  the  depressor 
caused  only  a  (passive)  diminution  (exp.  423). 

When  the  dose  of  acetyl-cholin  was  small,  a  small  dose  of  atropine 
abolished  the  effect  upon  the  limb  volume  as  well  as  that  upon  the 
blood  pressure.  After  atropine,  however,  a  much  lai^er  dose  of  acetyl- 
cholin  catised  the  leg  to  expand ;  this  often  occurred  when  there  was 
little  or  no  fall  of  blood  pressure.  With  still  larger  doses  (and  after 
much  atropine)  there  was  a  rise  of  blood  pressure  or  a  fall  followed  by 
a  rise  and  usually  an  expansion  of  the  leg;  the  latter  may  have  been 
largely  passive,  however,  for  with  these  large  doses  the  curves  were 
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vety  similar  to  those  following  the  injection  of  epinephrin  (fig.  5;  exp. 
471). 

The  effect  of  acetyl-cholin  upon  the  volume  of  the  hind  limb  was 
usually  less  marked  than  that  upon  the  foreleg  (fig.  6,  exp.  477). 
Sometimes  there  was  no  change  although  there  was  a  marked  fall  of 
blood  pressure;  not  infrequently  there  was  a  diminution  {evidently 
passive)  although  this  might  be  followed  by  an  expansion  (fig.  14, 
exp.  480) ;  frequently  there  was  an  expansion  which  began  only  when 
the  blood   pressure   had  returned   to  normal.     Sometimes,  however, 


Fig.  7.  P^xperimcnt  47».  Dog,  6.4  K;  morphiDe;  other,  vagi  c-iil.  Right  fora- 
paw  removed,  leg  akinned  and  in  plethy^mo graph  (below).  I..rrt  foreleg  in 
plelhyBinagraph  (abovp).  Up  »  expansion.  1-19  +.  0.05  mum.  acetyl-«hoIin 
into aaphenoue  vein;  Ihe  hlood  prei^iire  fell  from  lOT)  io.>)  mm.  Hg.  TheefTecte 
of  Ditroglyceriii  were  similar. 

there  was  an  expansion  which  Ivegan  during  the  fall  of  blood  pressure 
(fig.  8,  exp.  484).  When  acetyl-cholin  was  injected,  peripherally,  into 
the  femoral  artery  there  was  a  prompt  and  marked  expansion  of  the 
Ibnb  (fig.  8) ;  a  much  smaller  dose  sufficed  to  cause  a  given  effect  when 
administered  in  this  way  than  when  injected  intra venou-ily.  There 
seems  to  be  no  re.ason  for  supposing  that  the  vessels  of  the  posterior 
extrwnity  are  less  sensitive  to  acetyl-choUn  than  are  those  of  the  an- 
terior extremities;  the  smaller  reaction  of  the  former  probably  results 
from  the  drug  reaching  thcin  in  a  more  dilute  solution  and  after  dila- 
tation has  commrnced  in  areas  nearer  the  heart.     It  is  stated  that 
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amyl  nitrite  has  less  effect  upon  the  volume  of  the  foot  than  upon  that 
of  the  hand;  a  similar  explanation  may  hold  here  also.  In  experi- 
ments in  which  there  was  a  diminution  of  the  volume  of  the  leg  the 
pulse  waves  often  became^more  prominent,  indicating  a  relaxation  of 
the  vessel  walls. 


Fig.  8.  Experiment  484.  Cat,  2.77  K;  paraldehyde.  Plethysmographijraeord 
from  left  hindleg.  Up  ■-  expansioD.  (1)  lOSt,  0.0006  mgni.  acetjl-eholia 
injected  into  right  saphenous  vein;  blood  pressure  fell  from  133  to  100  mm.  Hg. 
(2)  11-11,  O.OOOOS  mgm.  acetyl-chalin  (in  1  cc.  normal  saline)  iajected  oentrBll; 
into  right  femoral  artery  near  ita  origin;  blood  pressure  fell  from  t29  to  124  nun. 
Hg;  a  control  injection  of  1  cc,  normal  saline  bad  no  effect  upon  the  volume  of 
the  limb.  (3)  Jl-H  +,  0.01  mgm.  histamin  ("ergamine")  intravenouely;  blood 
pressure  fell  from  121  to  84  mm.  Hg. 

In  order  to  determine  whether  the  dilatation  in  the  limbe  resulted 
chiefly  from  an  effect  upon  the  muscles  or  upon  the  skin  (and  its  ap- 
pendages) the  experiment,  the  results  of  which  are  shown  in  figure  7, 
(exp.  479),  was  performed;  the  changes  in  the  muscle  were  slight  con- 
sisting usually  of  a  sUght  diminution  of  volume  (doubtless  passive) 
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followed  by  a  slight  expansion.  As  the  volume  of  tissue  in  the  two 
plethsymograpbfi  was  about  equal  it  would  seem  that  the  greater  part 
of  the  dilatation  occurs  in  the  skin  or  its  appendages. 

Epiaephrin,  causing  a  slight  rise  followed  by  a  Blight  fall  of  blood  pr«Mure, 
cauMd  in  this  experinient  a  slight  eipaaaion  followed  by  a  long  continued  con- 
traction'of  the  normal  leg  and  only  an  expanaioii  of  the  akinned  leg;  this  is  in 
agreement  with  the  results  of  Hoskine,  Gunning  and  Berry  (IS).  In  view  of  the 
Important  deduction  these  authors  drew  from  their  experiments,  namely,  that 
flpinephrio  causes  an  active  dilatation  of  the  vessels  of  the  muscles,  attention 
may  be  called  to  the  fact  that  the  contraction  of  the  intact  limb  often  continued 
long  after  the  blood  pressure  had  returned  to  normal;  this  seemed  also  to  be  the 
case  in  the  tracing  shown  in  figure  S  of  these  authors'  paper.  This  continued 
contraction  would  seem  to  be  a  sufficient  explanation  of  the  expansion  of  the 
skinned  leg  which  also  Continued  after  the  blood  pressure  had  returned  to  nor- 
mal; hence  these  authors'  statement  that  "a  pemat«nce  of  the  limb  expansion 
after  the  blood  pressure  had  returned  to  normal  indicates  that  the  dilatation 
was  not  a  passive  process"  is  not  a  very  strong  argument  for  their  view  that 
epinephrin  causes  an  active  dilatation  of  the  veasels  of  the  muscles.  I  infer, 
however,  that  these  authors  obtained  an  expansion  of  the  skinned  leg  with  de- 
preasor  doses  of  epinephrin;  it  is  difficult  to  see  how  such  a  result  could  he  ex- 
plained except  on  the  basis  of  active  vasodilation  in  the  muscles. 

The  vasodilator  action  of  acetyl-cholin  upon  the  blood  vessels  of  the 
limbs  (cats)  was  also  shown  by  recording  the  drops  of  blood  from 
veins;  the  coagulability  of  the  blood  was  diminished  by  the  injection 
of  hirudin,  or  the  defibrination  of  the  blood  and  by  the  use  of  paraffined 
cannulas.  An  illustration  of  this  effect  is  shown  in  figure  9  (exp.  483). 
The  iDcreaeed  outflow  was  most  marked  toward  the  end  of  and  after 
the  injectioD;  it  often  continued  for  some  time  after  the  blood  pressure 
had  returned  to  normal. 

The  effect  of  acetyl-cholin  upon  the  outflow  from  muscle  veins  was 
determined  in  a  number  of  cases  (fig.  9) ;  often  there  was  no  effect  or  a 
very  slight,  brief  increase.  Frequently  there  was  a  distinct  increase 
for  a  few  seconds,  followed  by  a  decrease.  Id  one  experiment  the 
outflow  from  a  vein  coming  from  some  of  the  extrinsic  muscles  of  the 
larynx  was  determined;  there  was  a  marked  increase  but  it  was  noticed 
soon  afterwards  that  the  animal  was  making  swallowing  movements 
and  this  may  have  accounted  for  the  increased  outflow. 

Although  the  results  of  the  experiments  on  the  venous  outflow  from 
muscles  were  not  entirely  conclusive  (especially  as  they  were  made 
chiefly  upon  muscles  of  the  posterior  extremities)  we  certainly  seem 
justified  in  concluding  that  dilatation  of  the  vessels  of  the  muscles 
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can  have  at  most  only  a  minor  part  in  causing  the  acetyl-cholin  fall  of 
blood  preBBure.  The  contrast  between  the  constant,  prompt  and 
great  increase  in  the  outfiow  from  the  superBcial  veins  and  the,  at 
most,  slight  and  inconstant  increase  from  the  muscle  veins  was  very 
striking. 

In  a.  number  of  these  experiments  I  also  leatcd  the  efFects  of  epinepRrin  upon 
the  outflow  from  superficial  and  muscle  veins:  there  was  a  marked  decrease  in 
the  former  and  an  increase  in  the  latter.  The  doses  injected  caused  a  rise  of 
blood  pressure  although  this  was  sometimes  only  a  few  (e.g..  6)  millimeteis  Hg. 
This  constriction  of  the  superficial  vessels  was  so  marked  and  prolonged  that 
the  increased  outflow  from  the  muscle  could  readily  be  explained  ae  merely  a 


Fig.  9.  Experiment  4S3.  Cat,  3.25  K;  paraldehyde;  hirudin.  Drops  of  blood 
from  muscle  branch  of  left  femoral  vein  (above)  and  from  superficial  vein  of 
left  forepaw  (below).  At  t-It  +,  0.002  mgm.  acetyl-cholin  injected  into  right 
saphenous  vein;  the  blood  pressure  fell  17  mm.  Hg. 

paaeive  shifting  of  the  blood  from  one  region  to  another;  in  other  words,  they 
did  not  necessarily  indical«  that  epinephrin  had  a  dilator  action  upon  the  muscle 
vessels.  In  one  experiment,  with  a  depressor  dose  of  epinephrin,  there  was  a 
marked  increase  in  the  outAow  from  the  muscle  but  as  the  latter  was  occasionally 
twitehing  I  did  not  consider  the  experiment  of  value.  Hoskins,  Gunning,  and 
Berry  (IS),  however,  found  an  increased  outflow  from  muscle  veins  after  depres- 
sor doses  of  epinephrin  but  it  may  perhaps  be  questioned  whether  it  is  permis- 
sible to  draw  such  far-reaching  conclusions  as  these  authors  do  (that  epinephrin 
"exercises  a  selective  vasodilator  effect  in  skeletal  muscle;"  that  the  reduced 
arterial  pressure,  from  depressor  doses  of  epinephrin,  is  probably  due  very 
largely  to  the  augmented  outflow  from  the  vessels  of  the  muscles,  etc.)  from  the 
type  of  experiments  reported.  Moreover,  if  vasodilation  in  the  muscles  is  such 
an  important  action  of  epinephrin  as  these  authors  consider  it  to  be  it  seems 
remarkable  that  it  does  not,  at  times  at  least,  occur  to  such  an  extent  as  to  lead 
t«  a  fall  of  blood  pressure  in  the  rabbit;  a  depressor  action  of  epinephrin  does 
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not  seem  to  have  been  obtained  in  this  animal  even  *&fter  the  pressor  action  had 
beea  prevented  by  ergotoxine  (17)  and  the  same  was  found  for  the  fowl  and  the 
pig  (18).  Perhaps  these  doubts  are  not  well  founded  but  in  view  of  the  impor- 
tance of  the  subject,  involving  as  it  does  a  vasodilator  mechanism  in  the  muscles 
not  generally  recognised,  all  of  the  evidence  should  be  critically  examined.  It 
must  be  admitted,  however,  that  this  is  the  only  probable  explanation  offered 
for  the  reported  obaervatioos. 

1  may  add  that,  with  possibly  one  exception,  I  did  not  observe  diminution  in 
the  muscle  outflow  even  with  doses  of  epinepfario  which  cailsed  a  doubling  of 
the  blood  pressure;  Gunmng  (19)  has  reported  such  a  diminution  from  "massive" 
doses  of  epinephrin  but  his  doses  were  apparently  much  greater  than  those  I 
used.  All  of  my  experiments  on  venous  outflow  were  performed  upon  cats, 
whereas  Gunning's  were  performed  upon  dogs. 

Perfusion  of  isolated  musclee  (dog,  cat)  with  Ringer  solution  con- 
taining varying  amounts  of  acetyl-cholin  showed  in  one  case  a  slightly 
increased  outflow;  in  another,  weak  solutions  had  no  effect  but  a  rela- 
tively strong  solution  caused  a  marked  diminution  in  outflow.  (In 
some  of  these  experiments  1  also  tried  the  effecta  of  epinephrin;  like 
others  I  obtained  no  indication  of  a  vasodilator  action.) 

The  increased  outflow  from  the  superficial  veins  of  the  paw  follow- 
ing the  injection  of  acetyi-cholin,  described  above,  may  have  resulted 
from  a  dilatation  of  the  cutaneous  vessels  or  of  the  vessels  of  the  glands 
of  the  paws.  Hence  the  outflow  was  determined  from  cutaneous 
vessels  on  the  abdomen  and  from  similar  vessels  in  the  legs  after  re- 
moval of  the  paws;  acetyl-cholin  caused  a  marked  increase  in  the  out- 
flow, comparable  with  that  from  the  paw.  Areas  of  skin  from  the 
abdomen  of  cats  and  rabbits  were  perfused,  some  time  after  the  death 
of  the  animals,  with  Ringer  solution;  a  small  dose  of  acetyl- 
rholin  caused  a  distinct  but  not  very  marked  increase  in  the  outflow 
whereas  large  doses  caused  a  marked  diminution. 

The  effects  of  acetyl-cholin  upon  the  vessels  of  the  limbs,  skin  and 
muscle  may  be  summariEed  by  sajdng  that  this  drug  causes  a  great 
dilatation  of  the  limbs  'and  that  the  dilatation  occurs  chiefly  in  the 
cutaneous  vessels. 

Ear.  Dale  found  a  vasodilation  from  acetyl-cholin  in  a  rabbit  ear 
perfused  with  Ringer  solution.  I  have  often  obtained  the  same  effect. 
In  the  first  three  experimente  I  obtained  no  vasodilation;  on  looking 
over  the  nscords  1  And  that  these  experiments  were  performed  as  fol- 
lows: the  ears  were  removed  under  ether  anaesthesia,  the  eanoulas 
were  inserted  and  the  perfusion  and  the  injections  of  aoetyl-chobn 
begun  as  quickly  as  possible.    Increasing  doses  of  acetyl-cholin  were 
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injected  at  short  intervaU;  there  waa  no  effect  .except  with  large  doses, 
and  then  only  a  diminished  outflow.  In  some  of  the  later  experi- 
ments, performed  in  exactly  the  same  manner,  the  first  injection  of 
acetyl-cholin  caused  a  marked  increase  in  the  outflow,  but  in  others 
there  was  at  first  no  effect  and  small  doses  of  sodium  nitrite  also  had 
little  effect;  but  after  some  time  the  outflow  increased  spontaneously 


Fig.  10.  Expeiimeat  494.  Drops  from  perfused  rabbit  ear ;  time  in  10  acconda 
and  iniQUl«B.  The  amounte  of  acetyl-cholin  were  far  leae  than  those  indicated. 
0)  S-tl,  <  O.I  mgm.  acetyl-cholin  injected;  (2)  i-^O  -f,  0.1  mgni.  pilocarpine 
'  (3)  2  mgm.  atropine  sulphate  injected  at  irSi.  (4)  S-IT  +  same  dose  of  acetyl- 
cholin  as  in  (I)!  theoutAowhad  diminiehcdat  5-f/.  Between  (4)  and  (5)  Smgm.* 
atropine  injected.  (5)  5-5J  +  same  dose  of  acetyl-cholin  as  at  (l)and  (3).  Ten 
i^imes  the  amount  of  acetyl-cholin  caused  a  alight  acceleration  of  the  outllow; 
fifty  times  a  slight  slowing. 

and  DOW  acetyl-cholin  was  very  active.  It  seems  probable  that  in 
some  cases  the  vessels  arc  in  such  a  condition  of  tonicity  (perhaps  as  a 
result  of  irritation,  change  of  temperature,  etc.)  that  acetyl-choUn  and 
also  ^all  amounts  of  sodium  nitrite  are  unable  to  overcome  it ;  later, 
as  the  spasmodic  condition  passes  off,  the  vessels  readily  dilate  under 
the  influence  of  acetyl-cholin.     A  small  dose  of  atropine  sulphate 
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tesaens  this  tonicity  at  once  so  that  the  vessels  respond  to  acetyl'Choliu ; 
I&rger  doees  of  atropine  abolish  the  dilating  action  of  acetyl^cholin. 
Figure  10  (exp.  494)  illustrates  some  of  these  points.  Acetyl-cholin 
was  also  frequently  more  active  after  small  amounts  of  sodium  nitrite 
had  been  perfused. 

As  stated  in  a  previous  paper  acetyl-cholin  in  relatively  extrpmely 
large  doses  causes  a  constriction  of  the  vessels  of  the  rabbit  ear;  I  have 
shown  above  that  it  has  the  same  action  on  cutaneous  vessels.  Dale  ■ 
found  large  doses  of  acetyl-cholin  to  cause  a  rise  of  blood  pressure  after 
atropine;  I  had  observed  the  same  but  had  misinterpreted  it.  Dale 
found  that  after  a  dose  of  nicotine  quflicient  to  paralyse  the  ganglia 
of  the  involuntary  nervous  system  acetyl-cholin  no  longer  caused  a 
rise  of  blood  pressure;  he  attributed  the  rise  of  pressure  observed  before 
nicotine  to  a  nicotine>like  action  of  the  acetyl-cholin  (an  action  also 
shown  by  cholin  itself  but  which  had  been  overlooked  by  those  who 


Slg.  11.  £xperiinent  tt7.  Drop*  from  perfused  r«bbit  ear;  time  in  10  seconds 
and  minutes.  At  7-0/,  20  mgta-  nicotine  had  been  injected;  this  caused  a  long 
continued  constriction.    7-^,  6  rngm-  scetyl-cholin  injected. 

bad  discussed  whether  the  action  of  cholin  was  "depressor"  or  "pres- 
sor"). Although  the  rise  of  blood  pressure  from  acetyl-cholin,  in  the 
intact  animal,  is  doubtless  largely  due  to  this  nicottne-like  action  the 
experiments  on  the  perfused  rabbit  ear  and  cutaneous  vessels  show  that 
acetyl-cholin  also  acts  peripherally  (i.e.,  beyond  the  ganglia  cells)  to 
cause  a  vasoconstriction.  Atropine  seems  to  be  without  action  in 
either  diminishing  or  intensifying  this  effect.  Figure  11  (exp.  497)  is 
of  interest  as  showing  that  this  peripheral  vaso-constrictor  action  of 
acetyl-cholin  is  not  prevented  by  the  previous  perfusion  of  nicotine; 
the  antagonism  between  the  action  of  nicotine  and  the  pressor  action 
of  acetyl-cholin  does  not  seem  to  extend  to  the  peripheral  action  of  the 
latter.  Similar  results  were  obtained  after  the  perfusion  of  both 
atropine  and  nicotine. 

The  diUtor  action  of  acetyl-choUn  upon  the  rabbit  ear  was  also 
shown  by  plethysmographic  records  (fig.  12.  exp.  465;  fig.  13,  exp.  497). 
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(The  usual  effect  of  epinephrin  upon  the  ear  was  to  cause  a  coiinlric- 
tion;&g.  13,  exp.  497.) 

Penis.  Plethyeinograph  records  showed  a  slight  expansion  of  the 
penis  after  acetyl-cholin  or  a  contraction  (evidently  passive).  After 
ligation  of  the  coeliac  axis,  the  mesenteric  and  renal  arteries,  acetyl- 
cholin  caused  a  pronounced  expansion  of  the  penis;  this  was  abolished 
by  atropine  (fig.  14,  exp.  480). 


Fig.  14.  Experiment  480.  Dor.  7.1  K;  mor|jhine;  pllier.  The  coeliac  axis,  the 
renal  and  mescnlcric  arteries  had  been  ligatcd.  Plcthysmograph  rccordB  of 
hindleg  (above)  and  penis  (below).  I'p  >■  expansion.  I-I9  +,  0.02  mgrn.  a(«tyl- 
«holio  into  vein  of  Torciuw;  blood  pressure  fell  from  104  to  46  mm.  Hg.  After 
2  mgm,  atropine  sulphate  O.o  mgm.  acetyl-cholin  bad  do  eiTeet;  nitroglycerin 
caused  a  slight  expansion  of  leg  and  penis;  a  small  amount  of  epinephrin  caused 
a  contraction  of  the  leg  and  a  very  slight  contraction  of  the  penis;  a  larger 
amount  caused  a  marked  contraction  of  the  leg  and  a  slight  (pamive)  expansion 
of  the  penis. 

Si^maxiUary  gland.  Acetyl-cholin,  injected  intravenously,  caused 
a  brief  increase  in  the  outflow  of  blood  from  the  aubmaxillary  gland 
(fig.  15,  exp.  504) ;  a  more  prolonged  acceleration  of  the  outflow  could 
be  obtained  by  a  slow  intravenous  infusion  or  by  applying  a  drop  of  a 
rather  strong  solution  (e.g.,  1:1000)  to  a  muscle.  The  vasodilator 
action  of  acetyl-cholin  upon  the  vessels  of  the  submaxillary  gland  was 
abolished  with  great  ease  by  atropine.  Thus  (exp.  461),  0.0002  mgm. 
acetyl-cholin  caused  a  pronounced  but  brief  inciTase  in  the  outflow 
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and  a  marked  fall  of  blood  pressure;  after  0.05  mgm.  atropine  sulphate, 
0.001  mgm.  acetyl-cholin  had  no  effect  on  the  outflow  but  caused  a 
slight  fall  of  blood  pressure.  After  2  mgm.  of  atrapine  0.1  mgm.  of 
acetyl-cholin  caused  a  sUght  fall  of  blood  pressure  but  had  no  efifect  on 
the  venous  outflow.  After  a  further  injection  of  5  mgm.  atropine, 
2  mgm.  acetyl-cholin  caused  a.  very  slight  fall  of  blood  pressure  and  a 
very  slight  diminution  of  the  outflow.  In  this  and  similar  experiments 
sti  ulat'on  of  the  chorda  tympani  continued  to  cause  a  marked  in- 
crease in  the  venous  outflow.  No  secretion  of  sahva  (as  observed  iu  a 
cannula  in  the  gland  duct)  resulted  from  these  rapid  intravenous  injec- 
tions of  acetyl-cholin.  In  one  experiment  the  venous  outflow  from 
the  submaxillary  gland  was  reduced  by  about  one-half  by  stimulation 
of  the  cervical  sympathetic;  during  the  stimulation  acetyl-choUn  was 


Fig.  IS.  Experiment  504.  Cat,  3.2  K;  ethyl  carbamate;  hirudin.  Drops  of 
blood  from  vein  of  Bubmaxillsry  gland.  Time  in  seconds,  10  seconds  and  minutea. 
(1)  tt,  <  0.001  mgm.  (old  preparation)  of  acetyl-cholin  into  saphenous  vein; 
blood  pressure  fell  from  100  to  59  mm.  Hg.  (2)  lt-OM+,  O.I  mgm.  pilocarpine; 
blood  pressure  felt  from  90  to  52  mm.  The  fall  of  blood  pressure  from  the  pilo- 
carpine was  slightly  more  prolonged  than  that  from  the  acetyl-cholin. 

injected  intravenously  and  the  outflow  increased  to  ahnost  normal  for 
about  ten  seconds. 

Thyroid.  The  outflow  from  a  vein  on  the  anterior  surface  of  the 
trachea  (cat),  formed  chiefly  by  the  union  of  veins  from  the  thyroid, 
was  slightly  diminished  (passively?)  by  doses  of  acetyl-cholin  causing 
a  moderate  fall  of  blood  pressure.  Applied,  on  filter  paper,  to  the 
surface  of  the  thyroid  there  was,  according  to  the  dose  a  slightly  in- 
creased outflow  or  a  diminished  outflow  (vasoconstriction).  (Both 
pressor  and  depressor  doses  of  epinephrin  caused  a  marked  diminution 
of  the  outflow — conflrmatory  of  Gunning  (20);  that  the  diminished  out- 
flow from  depressor  doses  was  not  entirely  passive  was  indicated  by 
the  fact  that  the  diminished  outflow  continued  longer  than  the  fall 
of  blood  pressure.) 
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NaatU  mucosa.  The  nasal  mucosa,  examined  by  the  plethysmo- 
graph  method  Tschalussow  (Chalussov)  (21),  uniformly  showed  a  con- 
traction after  the  injection  of  acetyl-choUn  although  this  was  often 
preceded  by  an  expansion  (fig.  5,  exp.  471;  fig.  16,  cxp.  469).     With 


Pig.  16.  Experiment  409.  Dog',  5.84  K;  morphine;  chlorbutanol ;  Tag!  cut. 
PlethjrHnogTftph  records  from  now.  Up  —  expanaion.  (1)  t-Si+,  O.O03  mpu. 
Metyl-chotin  into  right  aaphenous  vein;  blood  pressure  fell  23  mm.  (3)  t-tO,  1 
mgm.  njtro^ycerin ;  blood  pressure  fell  26  mm.  (3)  S-00~,  0.01  mgm.  epinei^uiii; 
blood  pressure  rose  39  mm.    Control  injections  of  normsl  ssline  had  no  effect. 

very  small  doses  of  acetyl-cholin  (but  sufficient  to  cause  a  pronounced 
fall  of  blood  pressure)  I  consider  this  diminution  of  the  volume  of  the 
naul  mucosa  to  be  a  passive  effect  for  it  is  prevented  by  atropine;  atro- 
pine does  not  prevent,  but  makes  more  prominent,  the  vaso-constrictor 
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(nicotine-like  according  to  Dale)  action  of  acetyl-cholin.  The  primary 
expansion  which  frequently  occurs  is  due  to  vasodilation;  the  pulse 
waves  are  usually  more  distinct  (fig.  16). 

The  difficulty  or  interpreting  with  certainty  the  action  of  a  drug  like  acetyl- 
chohn  (and  the  same  is  true  of  epinephrin)  which  has  both  a  vasodilator asd  a 
rasoconstrictor  action  (accordiDg  to  doae,  the  organ  studied  and  other  fsctors) 
is  well  illustrated  by  the  experiment  (471)  in  which  the  tracings  shown  in  figure 
5  were  obtained.  Figure  Sshows  that  0.002  mgm.  acetyl-chdin  caused  a  distinct 
diminution  of  the  volume  of  the  nasal  mucosa  and  a  slight  increaae  in  the  volume 
of  the  foreleg;  the  blood  pressure  fell  38  mm.  Hg.  (from  96  to  58  mm.)-  After 
O.S  mgm.  atropine  sulphate  this  amount  of  acetyl-cholin  did  not  have  the  slight- 
eat  effect  upon  the  blood  pressure  or  the  nasal  mucosa  or  the  leg.  But  0.1  mgm. 
acetyl-cholin  caused  a  fall  of  blood  pressure  of  12  mm.  Hg,  a  greater  diminution 
in  the  volume  of  the  nasal  mucosa  and  no  change  in  the  volume  of  the  leg  (or 
the  heart  rat«).  The  diminution  in  this  case  was  probably  due  in  part  to  the 
beginning  vasoconstrictor  ("nicotine-like")  action  of  the  acetyl-cholin  (for  the 
fall  of  blood  pressure  was  less  and  the  contraction  of  Ihe  mucosa  greater  than 
above ;  the  tall  of  blood  pressure  was  probably  due  to  a  vasodilatation  occurring 
elsewhere  than  in  the  leg.  After  the  further  injection  of  3.5  mgm.  atropine  0.1 
mgm.  acetyl-cholin  had  no  effect  on  the  blood  pressure  but  there  was  a  diminu- 
tion of  the  volume  of  the  nasal  mucosa  and  an  expansion  of  the  leg.  Standing 
alone  it  would  be  impossible  to  interpret  this  result  (and  similar  problems  arise 
with  epinephrin) ;  thus  it  might  be  supposed  a,  that  there  was  an  active  conatric- 
tion  in  the  nasal  mucosa  and  an  active  dilatation  in  the  leg;  or  b,  that  there  was 
an  active  contraction  in  the  mucosa  and  elsewhere,  with  a  passive  expansion  of 
the  leg;  or  c,  that  there  was  an  active  dilatation  in  the  leg  with  a  passive  con- 
traction in  the  mucosa.  Taken  in  connection  with  the  results  preceding  and 
following  this  injection,  however,  the  second  seems  to  be  the  more  probable 
explanation.  The  further  injection  of  atropine  had  no  effect  upon  the  changes 
caused  by  the  above  doae  of  acetyl-cholin  but  larger  doses  of  acetyl-cholin  caused 
a  rise  of  blood  pressure,  a  greater  contraction  of  the  mucosa  and  a  greater  expan- 
sion of  the  leg.  The  tracing  at  1—S8+  in  fig;ure  5  shows  the  effect  of  6  mgm.  of 
acetyl-cholin;  the  blood  pressure  rose  34  mm.  Hg.  In  this  case  there  seemed  to 
be  an  active  constriction  in  the  nasal  mucosa,  and  doubtless  in  other  organs, 
which  led  to  the  rise  of  blood  pressure  and  a  passive  expansion  of  the  leg. 

Small  doses  of  epinephrin  caused  in  this  experiment  a  fall  of  blood  pressure, 
a  marked  contraction  of  the  nasal  mucosa  (fig.  5)  and  no  change  in  the  volume  of 
the  leg.  Standing  alone  the  contraction  of  the  mucosa  might  be  interpreted  as 
a  passive  result  of  the  fall  of  blood  pressure.  With  doses  causing  a  rise  followed 
by  an  equal  fall  of  pressure  there  was  a  greater  contraction  of  the  mucosa  and 
a  slight  expansion  of  the  leg.  With  a  purely  pressor  dose  of  epinephrin  curves 
almost  identical  with  those  from  pressor  doses  of  acetyl-cholin  were  obtained, 
although  the  rise  of  pressure  was  less  after  epinephrin  (fig.  S).  The  expansion 
of  the  leg  might  easily  have  been  interpreted  as  due  to  an  active  vasodilatation 
but  considered  in  connection  with  the  other  results  it  was  almost  certainly  pas- 
sive, the  change  in  the  mucosa  being  due  to  an  act 
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In  thiB  experiment  a  dose  of  nitroglycerin  causing  the  Bame  fall  of  blood- 
prenure  as  a  dose  of  acetyl-cholin,  caused  about  the  same  change  in  the  leg  vol- 
ume but  had  less  effect  upon  the  nasal  mucosa. 

In  on  experiment  upon  a  dog  (fig.  19,  exp.  469),  acetyl-cholin  caused  a  slight 
contraction  of  the  mucosa  or  a  alight  expansion  followed  by  a  contraction  or  a 
^ght  contraction  followed  by  a  longer  but  slight  expansion;  nitroglycerin  in 
doMS  causing  an  equal  or  less  fall  of  blood  pressure  uniformly  caused  a  marked 
expansion  of  the  nasal  mucosa  followed  by  a  prolonged  (probably  paseive)  con- 
traetioD.  A  pressor  dose  of  epinephrin  caused  a  marked  ronlraction  followed 
by  a  long-continued  expansion. 

The  above  experiments  indicate  that  depressor  doses  of  acetyl- 
cholin  have  relatively  little  effect  upon  the  nasal  mucosa  although  in 
the  dog  there  was  at  times  a  distinct  dilatation,  but  this  was  usually 
obscured  by  a  passive  contraction  <luc  to  the  fall  of  blood  pressure 
resulting  from  a  greater  dilatation  elsewhere;  the  marked  tendency  of 
the  nasal  mucosa  to  respond  passively  to  changes  in  blood  pressure 
was  emphasised  by  Fofanowand  Tschalus80w(FofanovandChalus80vJ 
(22).  These  experiments  also  indicate  that  the  nasal  mucosa  is  rela- 
tively less  sensitive  to  acetyl-cholin  than  it  is  to  nitroglycerin  or 
epinephrin. 

Intetlinea.  Dale,  using  a  plethysmograph,  found  an  expansion  of 
the  intestiiie  (cat)  after  acetyl-cholin.  My  experiments  were  per- 
formed upon  rabbits  and  a  dog;  they  were  not  very  satisfactory.  I 
am  not  certain  that  the  results  were  not  complicated  by  contractions 
of  the  intestine  although  Dale  found- that  it  required  a  relatively  v^ry 
\axffi  dose  of  acetyl-cholin,  given  intravenously,  to  affect  the  intestinal 
movements  even  for  a  brief  period.  In  the  rabbit  there  was  some- 
times a  slight  contraction,  sometimes  a  contraction  followed  by  a  more 
prolonged  expansion  (fig.  17,  exp.  456).  The  latter  type  of  curve  was 
also  obtained  in  a  dog  (Gg.  18,  exp.  469).  (The  usual  effect  of  epi- 
nephrin in  pressor  doses  in  these  experiments  was  to  cause  an  expansion 
o'  the  intestine;  whether  this  was  passive  or  active  I  do  not  know.) 

In  the  only  experiment  in  which  the  outflow  from  a  vein  from  the 
small  intestine  (cat)  was  determined,  acetyl-cholin  caused  a  diminished 
outflow  (probably  passive)  with  a  pronounced  fall  of  blood  pressure. 

A  large  loop  of  the  isolated  small  intestine  of  a  rabbit  was  perfused 
with  Ringer  solution;  acetyl-cholin  caused  intestinal  movements 
with  a  diminution  of  the  outflow  After  atropine  the  same  (small) 
doses  of  acetyl-cholin  had  no  effect  either  upon  the  movements  or 
outflow.     (Sodium  nitrite  caused  an  increased  outflow.) 
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Spleen.  The  effect  of  acetyl-cholin  upon  the  volume  of  the  spleen, 
as  determined  by  the  plethysmograph,  was  somewhat  variable  and 
sometimes  puzzling  on  account  of  the  development  of  rhjrthmical 


Fig.  17.  Experiment  456,  Rabbit,  1.74  K;  paraldehyde.  Plethynnograph 
record  of  loop  of  amsll  inteBtiDe.  Up— eitpansioD;  0.5  mgni.  atropine  sulphate 
bad  been  given;  this  had  greatly  diminished  the  action  of  acetyl-cholin  upon 
the  blood  pressure.  At  1-10+,  0.1  mgm.  acetyl-cholin  into  femoral  vein;  blood 
pressure  rose,  briefly,  8  mm.  (probably  mechanical  effect  of  injection)  and  then 
fell  21  mm.  The  fall  of  blood  pressure  was  prolonged,  but  not  as  prolonged  as 
the  expansion  of  the  intestine. 


Fig.  18.  Experiment  469.  Dog,  5.84  K;  morphine;  chlorbutanol.  Plethyamo- 
grapb  record  of  loop  of  small  intestine.  Up  —  expansion.  /f'4i+,  0.02  mgm. 
acetyl-cholin  into  saphenous  vein;  blood  pressure  fell  23  mm.  Hg. 

changes  in  the  volume  of  the  spleen.  Sometimes  there  was  a  diminu- 
tion of  the  volume,  apparently  passive,  during  the  fall  of  blood  pres- 
sure, or  a  diminution  followed  by  an  expansion  (fig.  19,  exp.  468); 


d  by  Google 


TA80DILA.T0B  BEACTI0N8.      I 


m 

-,111 

S  I-5  a 


"a  ,"•«  9 

o 


a  I  *^ 


Digitized  by  V.1OOQ  IC 


^2  RBiD  Htnrr 

expansion  was  often  followed  by.  two  or  more  extensive  rhythmical 
variations  in  volume  during  which  the  volume  of  the  spleen  was  greater 
than  before  the  injection.  I  am  inclined  to  think  that  the  records  can 
be  interpreted  as  showing  an  active  vasodilation  in  the  spleen  after 
acetyt-choUn;  during  the  diminution  of  the  volume  the  vessels  may 
have  relaxed  but  the  organ  diminished  in  size  as  a  result  of  greater 
dilatation  elsewhere  (in  the  skin  of  the  l^js,  for  example). 

The  experiment  (46S)  in  wliich  the  tracing  in  figure  19  was  obtained  presented 
many  of  the  problems  as  regards  both  aoetyl-cholin  and  epinephrin  which  were 
discussed  in  connection  with  the  experiments  on  tlie  volume  changes  in  the  nasal 
mucosa.  As  figure  19  shows,  0.00005  mgm.  of  acetyl-cholin  caused  a  contrac- 
tion, followed  by  a  slight  expansion,  of  the  spleen  and  an  expansion  of  the  fore- 
leg; the  blood  pressure  fell  13  mm.  All  of  these  effects  from  small  doses  of  acet* 
yl-oholin  were  completely  prevented  by  1  mgm.  of  atropine;  0.01  mgm.  acetyl- 
cholin,  however,  caused  a  slight  contraction  followed  by  a  distinct  expansion 
(c(»nplieated,  however,  by  extensive  rhythmical  changes)  of  the  spleen  and  & 
marked  expansion  of  the  leg;  the  blood  pressure  (ell  15  mm.  Hg.  After  2  mgm. 
of  atropine  the  above  dose  of  acetyl-cholin  (0.01  mgm.),  and  also  0.1  mgm.,  had 
none  of  these  effects  but  I  mgm.  of  ocetyl-cbolin  caused  the  blood  pressure  to 
fall  23  mm.,  the  spleen  to  contract  to  a  far  greater  extent  than  it  had  previously,  - 
although  in  some  cases  the  fall  of  blood  pressure  had  been  greater  (hence  the 
contraction  now  was  probably  in  part  active)  and  the  leg  expanded  markedly. 
After  a  further  injection  of  atropine,  acetyl-cholin  had  either  no  effect  upon  the 
blood  pressure  or  caused  an  insignificant  fall  followed  by  a  rise  or  only  a  rise; 
that  is,  the  dilator  action  of  acetyl-cholin  had  been  paralysed.  Doses,  however, 
which  caused  no  change  in  the  blood  pressure  continued  to  cause  a  contraotioa 
of  the  spleen  and  a  dilatation  of  the  leg.  With  larger  (essentially  pressor)  doses 
of  acetyl-cholin  there  was  a  very  great  contraction  of  the  spleen  (evidently  not 
passive,  for  the  blood  pressure  rose)  and  a  marked  expansion  of  the  leg  (perhaps 
passive)  (fig.  19). 

Small,  but  weakly  pressor  doses  of  epinephrin  caused  a  marked  contraction 
of  the  spleen  usually  followed  by  an  equally  marked  dilatation  and  a  slight  dila- 
tation of  the  leg  (fig.  Iff);  similar  changes  in  the  spleen  were  described  by  Hos- 
kins  and  Gunning  (23)  and  by  Hartman  and  McPhedran  (24).  I  was  not  certain 
whether  this  after-dilatation  of  the  spleen  was  to  be  considered  active  or  passive; 
it  may  be  that  the  spleen,  on  account  of  its  relative  proximity  to  the  heart,  re- 
sponds first  with  an  active  constriction  and  then,  as  other  more  distant  struc- 
tures are  constricted,  passively  dilates.  As  the  dose  of  epinephrin  was  increased 
only  a  marked  contraction  of  the  spleen  and  a  correspondingly  greater  dilata- 
tion of  the  leg  was  obtained;  such  a  result  was  obtained  with  doses  of  epinephrin 
causing  a  rise  of  blood  pressure  of  only  10  mm.  Hg.  In  this  case  the  dilatation 
of  the  teg  was  probably  only  passive  although  the  volume  curve  of  the  leg  con- 
sidered alone,  or  with  the  blood  pressure  curve,  might  easily  have  been  inter- 
preted u  showing  an  active  dilatation  of  the  leg. 
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Any  doubt  as  to  the  ability  of  aoetyl-cbolia  to  cause  a  dilatation  of 
the  vessels  of  the  spleen  was  removed  by  perfusing  the  isolated  organ 
with  Ringer  solution  containing  the  drug:  small  amounts  caused  a 
greater  and  more  prolonged  increase  in  the  outflow  than  occurred  in 
similar  experiments  on  the  rabbit  ear.  The  relation  to  atropine  was 
similar;  the  latter  of  Itself  in  small  doses  caused  a  marked  increase  in 
the  outflow  and  also  rendered  the  vessels  more  sensitive  to  acetyl- 
cholin.  After  lat^e  doses  of  atropine,  acetyl-cholin  had  no  dilator 
effect.  Lai^  dOses  of  acetyl-cholin  caused  a  marked  diminution  of 
the  outflow.  The  records  of  these  experiments  are  so  similar  to  those 
obtained  with  the  rabbit  ear  (see  figs.  10  and  11)  that  it  is  not  neces- 
sary to  reproduce  them;  the  chief  difference  was  that  the  changes  were 
of  longer  duration  in  the  case  of  the  spleen.  Epinephrin  greatly 
diminished,  sodium  nitrite  increased,  the  outflow  from  the  spleen. 

Liver.  Changes  in  the  volume  of  the  left  lobe  of  the  liver,  after 
acetyl-cholin,  were  determined  by  the  plethysmograph  method  in  one 
dog  and  two  cats.  In  all  cases  there  was  first  a  diminution  in  volume 
(fig.  3,  exp.  488;  fig.  2,  exp.  481;  fig.  20,  exp.  486).  With  large  doses 
the  contraction  was  followed  by  an  expansion  in  the  dog.  After 
atropine  large  (pressor)  doses  of  acetyl-cholin  caused  only  an  expansion. 
After  incomplete  atropinization  comparatively  large  doses  of  acetyl- 
cholin  (e.g.,  2  mgin.)  caused  a  slight  fall  followed  by  a  slight  rise  of 
blood  pressure  and  a  contraction  followed  by  an  expansion  of  the  Uver 
(fig.  20). 

The  diminution  in  liver  volume  from  small  doses  of  acetyl-cholin 
was  probably  passive  due  to  the  lowered  blood  pressure.  It  appar- 
ently resulted  from  a  diminution  of  the  blood  supply  to  the  Uver 
through  the  hepatic  artery  for  it  did  not  occur  when  this  was  clamped. 
Similarly  the  expansion  of  the  Uver  from  pressor  doses  of  acetyl-cholin 
after  atropine  was  probably  in  part  at  least  passive. 

The  only  indication  of  an  active  dilatation  of  the  Uver  observed  was 
the  expansion,  following  a  contraction,  often  seen  in  the  dog  after 
a  comparatively  large  (but  still  purely  depressor)  dose  of  acetyl- 
cholin  (fig,  2);  this  result  was  similar  to  that  usually  seen  in  the  vol- 
ume changes  of  the  intestine  of  the  dog.  For  reasons  given  below 
it  scarcely  seems  probable  that  these  changes  in  the  Uver  volume 
result  from  changes  in  the  portal  vessels.  Hence  they  may  be  taken 
as  an  indication  that  acetyl-choUn  has  a  dilator  action  upon  the  termi' 
nations  of  the  hepatic  artery  in  the  liver  but  that  the  first  effect  upon 


d  by  Google 


RGID   HUNT 


d  by  Google 


VASODILATOR   REACTIONS.      I  225 

the  vo'ume  of  the  liver  is  a  diminution  due  to  a  greater  vasodilation 
else  where. 

The  results  of  the  injection  of  epinephrin  upon  the  liver  volume  in  these  ex- 
periments are  of  some  interest.  Edmunds  (25)  found  the  usual  effect  upon  the 
liver  of  epinephrin  (In  pressor  doses)  to  be  a  diminution  of  the  volume  in  the 
case  of  the  dog;  in  rare  cases  there  was  an  expansion.  The  l&tter  result,  an  ex- 
pansion, was  the  usual  response  in  cats;  the  expansion  he  attributed  to  an  in- 
creased efSciency  of  the  heart'.  Mautner  and  Pick  (26)  report  an  active  contrac- 
tion of  the  liver  from  epinephrin  in  the  dog  and  cat.  In  my  experiment  upon  a 
dog  and  in  one  of  the  experiments  on  cats,  epinephrin  (in  pressor  doses)  caused 
at  first  only  a  marked  contraction;  the  latter  was  as  pronounced  in  the  cat  (fig. 
20)  as  in  the  dog.  Peptone  was  injected  into  the  dog;  this  caused  a  marked 
expansion  of  the. liver  and  a  fall  of  blood  pressure  which,  however,  later  returned 
to  normal.  After  the  peptone  injection  epinephrin  caused  only  an  expansion  of 
the  liver.  Peptone  was  also  injected  into  the  cat;  there  was  a  contraction  of 
the  liver  and  a  fall  of  blood  pressure;  the  latter  remained  low.  Epinephrin  con- 
tinued to  cause  a  contraction  of  the  liver  but  aft«r  2  mgm.  atropine  sulphate, 
which  caused  a  further  fall  of  blood  pressure,  epinephrin  caused  only  an  expan- 
iioD  (Sg.  20).  In  the  second  experiment  upon  a  cat  the  blood  pressure  fell  from 
the  beginning,  perhaps  from  an  overdose  of  paraldehyde;  epinephrin  caused 
only  an  expansion  of  the  liver  (fig.  3;  exp.  48S). 

Thus  in  the  experiment  on  a  dog  and  in  one  of  the  experiments  on  cats  the 
primary  effect  of  epinephrin  was  to  cause  a  contraction  of  the  liver.  Later, 
after  various  insults,  the  liver  responded  with  only  an  expansion;  animals  at 
this  time  may  be  considered  to  have  been  in  a  condition  somewhat  analogous  to 
experimental  shock,  although  the  blood  pressure  in  the  dog  was  as  high  as  at 
the  beginning  (about  100  mm.)  when  epinephrin  caused  only  a  contraction  of  the 
liver.  The  second  cat  was  in  a  condition  analogous  to  shock  from  the  beginning. 
The  results  in  these  three  experiments  were  so  striking  as  to  suggest  the  thought; 
May  not  one  of  the  features  of  experimental  "shock"  be  a  change  in  the  blood 
vessels  of  the  liver  such  that  they  can  no  longer  respond  with  a  contraction  to 
epinephrin  or  rather,  perhaps,  that  they  are  no  longer  able  to  offer  a  resistance 
to  a  rise  of  blood  pressure?  The  expansion  of  the  liver  after  epinephrin  seemed 
to  be  passive;  it  was  accompanied  by  a  marked  coiitraction  of  the  leg,  and  was, 
in  the  only  experiment  (cat)  in  which  it  was  tested,  prevented  by  clamping  the 
hepatic  artery.  In  the  latter  case  there  was  not  a  late  expansion  of  the  liver 
described  by  Edmunds  when  the  hepatic  artery  was  clamped  and  ascribed  by 
him  to  a  rise  of  vena  cava  pressure. 

Aa  stated  above  there  seema  no  reason  for  believing  that  the  change 
in  the  liver  after  acetyl-cholin  are  due  to  an  effect  upon  the  termina- 
tions of  the  portal  vein.  Another  reason  for  doubting  such  an  effect 
was  thefailurc  to  obtain  more  than  at  most  an  extremely  slight  increase 
in  the  outflow  from  the  liver  (guinea  pig)  when  this  was  perfused 
through  the  portal  vein  with  Ringer  solution  containing  various  amounts 
of  acetyl-cholin;   higher  concentration   caused   a  diminution   of  the 
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outflow  but  the  tnaeoconstrictor  action  of  large  doses  of  acetyl-cholin 
seemed  to  be  less  marked  in  the  liver  than  in  most  of  the  organs  studied. 

Epiuepkrin  in  this  experiment  caused  only  a  moderate  diminution  in  the  out- 
flow: this  con6rmatory  of  Mautner  and  I^ck  (26)  i  the  vasoconstrictor  action 
was  far  less  marked  than  in  the  case  of  most  organs  examined.  Atropine  caused  a 
very  alight  increase;  sodium  nitrite,  in  relatively  large  doses,  caused  a  consider- 
able increase,  followed  in  one  case  by  a  diminution. 

In  the  only  experiment  (cat)  in  which  it  vtaa  tested  the  portal  pres- 
sure fell  with  doses  of  acetyl-cholin  causing  a  marked  fall  of  arterial  pres- 
sure. This  was  probably  a  passive  eflfect  for  although  there  is  evidence 
that  acetyl-cholin  has  a  dilator  action  upon  the  vessels  of  the  intestine 
this  does  not  seem  to  be  sufficiently  great  (in  some  cases  at  least),  in 
comparison  with  this  action  in  other  areas,  to  lead  to  an  increased 
outflow  from  the  intestine  and  so  to  a  rise  of  portal  pressure;  as  was 
stated  above  there  was  a  diminished  outflow  from  a  mesenteric  vein 
in  the  only  case  in  which  this  was  determined.  (In  the  experiment  in 
which  the  portal  pressure  fell  after  acetyl-cholin,  epinephrin  caused  a 
slow  but  pronounced  rise.) 

Injection  of  acetyl-cholin  into  a  mesenteric  vein.  I  have  assumed  in 
the  above  that  even  if  acetyl-choUn  has  a  pronounced  dilator  action 
upon  the  terminations  of  the  portal  vein  this  would  not  be  in  evidence 
when  the  drug  is  injected  into  a  systemic  vein.  I  have  assumed  that 
there  would  be  a  considerable  destruction  of  the  compound  during  its 
relatively  slow  passage  through  the  vessels  of  the  intestine  and  that  it 
would  reach  the  liver  in  too  great  a  dilution  to  affect  this  organ.  I 
have  performed  no  experiments  (Eck  fistula,  for  example)  to  test 
this  assumption.  The  following  experiments,  however,  may  be  of 
interest  in  this  connection  as  showing  the  efiFect  of  passing  the  drug 
through  the  Uver.  Small  doses  of  acetyl-cholin  which,  when  injected 
into  a  systemic  vein  caused  a  pronounced  fall  of  blood  pressure,  had 
not  the  sUghtest  effect  when  injected  into  a  mesenteric  vein.  In  an 
experiment  (cat)  in  which  comparisons  were  made  it  was  found  that 
to  cause  an  equal  fall  of  blood  pressure  fully  one  hundred  times  as 
much  acetyl-cholin  had  to  be  injected  into  a  mesenteric  as  into  a 
saphena  vein,  Thus  0,01  mgm.  injected  into  a  mesenteric  vein  caused 
the  blood  pressure  to  fall  31  mm,;  0.0001  mgm.  into  a  saphena  vein 
caused  a  fall  of  58  mm.  (Similar  but  less  marked  differences  were 
observed  in  connection  with  nitroglycerin  and,  in  different  experiments, 
with  pressor  and  depressor  doses  of  epinephrin;  but  in  one  case  in 
which  a  depressor  dose  of  epinephrin  was  injected  the  fall  of  pressure 
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was  greater  when  it  was  injected  into  a  mesenteric  vein  and  in  another 
case  as  the  doee  was  gradually  increased  from  a  depressor  to  a  pressor 
dose  the  change  occmred  first  from  the  mesenteric  injection,  i.e.,  the 
same  dose  injected  into  the  mesenteric  vein  caused  a  rise  of  pressure 
and  when  injected  into  the  saphena  vein  caused  a  fall.) 

Experiments  upon  the  absorption,  as  judged  by  the  effect  upon  the 
blood  pressure,  of  acetyl-cholin  when  applied  to  the  surface  of  various 
organs  are  of  interest  in  this  connection.  The  experiments  were  made 
by  applying  small  squares  of  filter  paper  moistened  with  solutions  of 
acetyl-cholin  to  various  organs;  it  was  determined  beforehand  how 
much,  by  weight,  the  pieces  of  paper  absorbed.  I  made  no  effort  to 
determine  how  much  acetyl-chdin  actuaUy  reached  the  drculstion. 
In  one  experiment  when  squares  of  paper  moistened  with  approxi- 
mately 4  mgm.  of  a  1  per  cent  solution  of  acetyl-cholin  were  applied 
for  thirty  to  forty  seconds  to  the  surface  of  various  organs,  the  follow- 
ing results  were  obtained: 

Liver:  blood  preuure  fell  S2  mm.  Hg.  (from  144  to  82). 

StomAcb;  no  effect. 

Adrens):  blood  pretaure  fell  76  nun.  Hg,  (from  139  to  63). 

Small  inteatine:  (4  and  8  mpn.)  no  effect. 

Liver:  blood  preoaure  fell  72  mm.  Hg.  (from  146  to-  74). 

Kidney:  blood  preuure  fell  60  mm.  Hg.  (from  143  to  83). 

Spleen:  no  effect. 

Thus  the  acetyl-cholin  was  either  very  imperfectly  absorbed  from 
the  surface  of  the  small  intestine,  spleen  and  stomach  or,  what  is  more 
probable,  it  was  absorbed  and  rendered  inert  in  its  passage  through 
tifae  liver.  Acetyl-cholin  was  absorbed  with  great  ease  from  the  sur- 
face of  the  lung;  this  is  a  very  convenient  method  of  obtaining  a  pro- 
longed and  fairly  uniform  lowering  of  the  blood  pressure.  A  small 
amount,  e.g.,  0.002  mgm.,  injected  into  the  trachea  also  caused  a 
prolonged  fall  of  pressure.  Alworption  occurred,  but  to  a  lesser  extent 
as  judged  from  the  effect  on  the  blood  pressure,  when  acetyl-cholin 
was  applied  to  the  conjunctiva  and  the  nasal  mucosa;  it  was  very  slight 
from  the  prepuce.  It  was  well  absorbed  from  the  surface  of  a  muscle. 
Acetyl-cholin  injected  peripherally  into  the  artery  of  a  limb  caused  a 
fairly  marked  fall  of  blood  pressure :  thus  0.0005  mgm.  injected  periph- 
erally into  the  femoral  artery  of  a  cat  caused  the  arterial  (carotid) 
pressure  to  fall  20  mm.;  the  same  amount  injected  into  a  saphena  vein 
caused  the  pressure  to  fall  33  mm. 
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Kidney.  Acetyl-cholin  caused  only  a  diminution  of  the  kidney 
volume  as  determined  by  the  plethysmc^^ph  (fig.  12,  exp.  465);  this 
was  prevented  by  a  dose  of  atropine  which  prevented  a  fall  of  blood 
pressure.  The  contraction  seemed  to  be  a  passive  effect.  The  only 
indication  of  a  dilator  action  t  observed  in  these  experiments  is  shown 
in  figure  12:  when  sufHcient  epinephrin  was  added  to  the  acetyl-cholin 
to  greatly  diminish  the  fall  of  blood  pressure  there  was  no  distinct 
effect  upon  the  kidney  although  a  smaller  (pressor)  dose  of  epinephrin 
caused  a  marked  contraction  of  the  kidney.  A  contraction  of  the 
kidney  would  have  been  expected  from  the  acetyl-cholin  and  epineph- 
rin mixture  if  the  acetyl-cholin  did  not  have  a  dilator  or  antagonistic 
action  to  the  epinephrin;  the  fact  that  a  contraction  did  not  occur 
suggeetB  that  the  acetyl-cholin  prevented  in  some  way  the  constrictor 
action  of  the  epinephrin.  Periused  through  the  isolated  kidney 
(rabbit)  acetyl-cholin  caused  a  slight  increase  in  the  outfiow;  this  was 
very  small  in  comparison  with  the  effects  of  sodium  nitrite.  (The  usual 
effect  of  epinephrin  in  pressor  doses  was,  in  these  experiments,  to 
cause  a  contraction  of  the  kidney  volume;  with  very  large  doses,  caus- 
ing a  great  rise  of  blood  pressure,  the  contraction  was  frequently  fol- 
lowed by  an  expansion,  evidently  passive.) 

Lung.  A  lobe  of  a  lung  (cat,  rabbit  or  guinea  pig)  was  perfused  With 
Ringer  solution  containing  acetyl-cholin;  in  no  case  was  there  a  dis- 
tinct increase  in  the  outflow.  There  was,  on  the  contrary,  with  large 
doses,  in  all  three  cases  a  great  and  very  prolonged  decrease  in  the 
outflow;  in  some  cases  the  outflow  did  not  return  to  normal  until  after 
thirty  minutes.  Atropine  (at  least  in  the  comparatively  large  doses 
employed)  did  not  prevent  this  action. 

Atropine  itaelf,  which  §o  ofteD  causes  aa  increased  outflow  from  perfused  or- 
gans, had  DO  effect.  Sodium  nitrite  caused  in  tbe  experiments  with  the  rabbit 
and  guinea  pig  lungs  (it  was  not  tried  with  the  cat  lung)  first  a  brief  increaM 
(50  to  100  per  cent]  in  the  outflow  followed  by  a  great  and  very  prolonged  dimi- 
nution. It  was  sometimes  an  hour  before  the  outfiow  returned  to  the  previous 
rate;  the  result  was  strikingly  like  the  vasoconstriction  often  seen  i:r  the  per- 
fusion of  other  organs  with  epinephrin.  The  rabbit  lung  showed  the  same  reac- 
tioDB  twenty  hours  after  the  first  injection.  Macht  (27)  has  shown  that  the 
nitrites  cause  a  contraction  of  stripe  of  the  pulmonary  artery  and  he  cites  earlier 
experimental  and  clinical  work  which  indicated  that  these  bodies  constrict 
the  pulmonary  vessels  in  vivo;  I  do  not  know  of  any  jirevious  perfusion  experi- 
ments on  this  subject. 
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It  has  been  shown  in  the  above  that  acetyl-choUn  has  an  intense 
vasodilator  action  on  the  vessels  of  the  skin  and  of  the  ear;  the  action 
on  the  skeletal  muscles  is  slight.  It  dilates  the  vessels  of  the  peois,  of 
the  submaxillary  gland  and  of  the  spleen;  it  seems  also  to  dilate  the 
vessels  of  the  intestines  and  liver.  Only  sUght  evidence  of  a  dilator 
action  was  found  in  the  case  of  the  kidney  and  none  in  that  of  the  lung. 
The  nasal  mucosa  seemed  relatively  less  sensitive  to  the  vasodilator 
action  of  acetyl-cholin  than  many  other  vascular  areas.  The  vaso> 
dilation  in  all  of  these  cases  was  diminished  or  prevented  by  atropine. 

As  Uttle  as  0.000,000,002,4  mgm.  acetyl-choIin  per  K  caused  a  pro- 
nounced fall  of  blood  pressure. 

Acetyl-cholin  injected  into  the  trachea  or  applied  to  the  surface  of 
the  lung,  kidney,  liver,  adrenal  and  various  muscles  was  very  active 
in  causing  a  fall  of  blood  pressure;  similar  doses  applied  to  the  surface 
of  the  stomach,  spleen  and  small  intestine  had  no  effect  on  the  blood 
pressure. 
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1.  THE    RELATION   OF  THE   ACETVl/HTHOLm   VASODILATOR   REACTION    TO 
VASOMOTOR  NERVES 

It  baa  been  shown  by  the  work  of  Dale  (1)  and  also  by  that  reported 
in  the  preceding  paper  that  acetyl-cbolin  causes  vasodilation  in  many 
organs  and  that  this  action  is  prevented  by  atropine.  It  is  usually 
assumed  that  a  drug,  the  effect  of  which  is  prevented  by  atrapinc,  acts 
upon  "nerve  endings"  or  upon  "receptive  substances"  in  connection 
with  nerve  endings;  moreover,  such  an  antagonism  is  often  interpreted 
as  showing  the  presence  in  an  organ  of  a  parasympathetic  ner\'e  inner- 
vation. Hence  it  was  of  interest  to  see  if  this  vasodilator  reaction 
could  be  correlated  with  the  action  of  any  of  the  nerves  to  which 
vasodilator  actions  have  been  attributed.  "Vasodilator  nerves"  have 
been  described  for  many  organs;  but  in  nearly  every  case  their  pres- 
ence has  been  questioned.  In  fact  the  existence  of  "vasodilator" 
nerves  (in  the  usual  sense  in  which  the  term  is  employed)  often  has 
heeii  the  subject  of  discussion  (2),  (3),  (4).  Further,  some  authors 
believe  that  certain  "vasodilator  ner\-es"  should  be  classed  with  one 
group  of  nerves,  others  that  they  should  be  placed  in  a  different  cate- 
gory. For  present  purposes  we  may  consider  the  following  groups  of 
alleged  vasodilators  and  see  what  evidence  there  is  that  they  are  in- 
volved in  the  action  of  acetyl-cholin :  (a)  Parasympathetic  vasodila- 
tors, (b)  Posterior  root  vasodilators,  (c)  Sympathetic  vasodilators. 

d.  Parasympathetic  vasodiJators.  The  chorda  tympani,  stimulation 
of  which  causes  a  dilatation  of  the  vessels  of  submaxillary  gland,  and 
the  pelvic  nerve,  the  stimulation  of  which  causes,  among  other  effects, 
dilatation  of  the  vessels  of  the  penis,  have  long  been  considered  typical 
examples  of  parasympathetic  vasodilators.  It  has  been  shown  in  the 
preceding  paper  that  acetyl-cholin  causes  vasodilation  in  the  sub- 
maxillary gland  and  in  the  penis;  does  it  act  upon  the  "nerve-endings" 
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of  the  paraaj-mpathetic  nerves?  That  this  is  not  the  case  (at  least  in 
the  conventional  sense)  is  shown  by  the  diiferent  effects  of  atropine  in 
the  two  cases:  the  action  of  acetyl-cholin  is  easily  prevented  by  atro- 
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of  the  ears  and  face,  and  of  the  intestine  belong  to  this  system.  It  is 
in  these  regions  that  acetyl-cholin  exerts  its  most  pronounced  vaso- 
dilator action;  is  this  the  result  of  the  stimulation  of  the  "endings" 
of  these  nerves?  Atropine  prevents  the  action  of  acetyl-cholin  upon 
the  vessels  in  this  area,  as  in  all  other  vases.  So  far  as  I  can  learn  the 
effect  of  atropine  upon  the  vasodilator  action  of  the  posterior  roots 
has  not  been  directly  tested.  There  is,  to  be  sure,  some  evidence  that 
atropine  does  not  paralyze  these  nerves.  Thus  Ostroumofit  (10)  re- 
ported that  the  vasodilation  resulting  from  weak  or  slow  stiniulation 
of  the  peripheral  end  of  the  sciatic  was  not  prevented  by  atropine; 
Pick  (11)  found  that  whereas  large  doses  of  atropine  diminished  the 
action  of  the  vasoconstrictors  of  this  nerve  that  of  the  vasodilators 
was  not  affected.  Bayliss  believes  that  the  only  sources  of  vasodilators 
to  the  limbs  are  the  posterior  root  fibers,  but  others  have  described 
sympathetic  vasodilators  to  the  limbs,  and  Gaskell  (4)  has  recently 
stated  that  he  thinks  it  impossible  to  consider  that  the  posterior  root 
fibers  are  the  same  as  those  found  in  the  sciatic  by  slow  stimulation. 
U  seemed  desirable  therefore  to  test  the  effect  of  atropine  upon  the 
result  of  the  direct  stimulation  of  the  posterior  root  fibers.  This 
seemed  especially  desirable  in  view  of  Ciaskell's  su^^stion  that  the 
posterior  roots  affect  the  metabolism  of  the  skin  as  the  chorda  tympani 
controls  the  cells  of  the  submaxillary  gland  and  that  the  vasodilation 
from  the  stimulation  of  the  nerves  is,  in  both  cases,  the  indirect  result 
of'Cbanges  in  metabolism  (production  of  "metabolites'  which  cause 
vasodilation.)  The  acceptance  of  this  suf^estion  would  not  neces- 
sarily lead  to  the  expectation  that  atropine  would  prevent  the  vasodila- 
tion caused  by  the  posterior  roots  for  there  is  no  information  as  to  the 
character  of  the  metabolites  supposed,  on  the  above  hypothesis,  to  be 
produced.  But  if  atropine  does  not  prevent  the  vasodilator  action  of 
the  posterior  roots  whereas  it  does  prevent  the  action  of  acetyl-cholin 
the  conclusion  would  be  justified  that  the  vasodilation  in  the  two  cases 
is  different. 

As  a  matter  of  fact,  I  found  that  when  comparable  degrees  of  vaso- 
dilation were  caused  in  a  posterior  extremity  of  a  dog  by  stimulation 
of  a  posterior  lumbar  root  on  the  one  hand  and  by  acetyl-cholin  on 
the  other,  the  effect  of  the  latter  was  completely  prevented  by  a  small 
doee  of  atropine  whereas  that  of  the  former  was  not  diminished  even 
by  large  doses  (fig.  1,  exp.  476). 

According  to  the  current  conceptions  of  the  posterior  root  vasodila- 
tore  (3),  (9),  (sec  however,  (12)  ),  the  nerve  fibers  of  these  divide,  one 
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division  »upplying  receptors  of  the  akin,  etc.,  and  the  other  the  blood 
vcMiels;  the  former  are  stated  to  be  readUy  paralyzed  by  cocaine.     It 


Fig.  1.  Experiment  476.  Dog,  12.8  K;  morphine;  ether.  PlethyBmograph 
record  of  hindleg;  up  -  expansion.  Time  in  seconds,  10  sec.  and  min.  (1)  l-IS, 
stimulation  of  7th  lumbar  posterior  root  before,  and  (2)  SSi,  after  intravenous 
injection  of  38  mgm.  atropine  sulphate.  (3)  It~l9,  0.1  mgm.  acetyl-cholin  in- 
jected into  a  paw  vein  before,  and  (4),  l-tS  after  2  mgm.  atropine  sulphate. 
At /f-/ff  the  blood  pressure  fell  from  130  to  71  min,Hg;at  t-tS  there  was  no  change. 

apparently  has  not  been  determined  whether  the  "  vasodilator  branches" 
are  paralyzed  by  cocaine.  The  acetyl-chotin  vasodilator  mechanism 
is  not  paralyzed  by  cocaine:  thus  the  dilatation  of  a  cat's  leg  (plcthys- 
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mograph)  caused  by  injecting  aofttyl-cholin  peripherally  into  the  art«ry 
waa  not  in  the  least  diminished  by  the  injection  of  30  mgm.  of  cocaine 
into  the  artery;  the  absolute  dilatation  waa  much  increased  as  the 
acetyl-cholin  completely  overcame  the  marked  vasoconstrictor  action 
of  the  cocaine. 

e.  Sympathetic  vaaodiUUort.  Several  writers  have  described  vaso- 
dilator ncrvea  belonging  to  the  sj-mpathetic  system;  this  interpretation 
has  been  questioned  in  nearly  every  case.  Thun  Carlson  (13)  reported 
the  presence  in  the  cervical  sympathetic  of  the  cat  of  vasodilator  fibers 
to  the  submaxillary  gland;  he  found  that  these  fibers  are  paralyzed 
by  relatively  large  amounts  of  atropine.  Some  more  recent  writers 
(2),  (3),  have  attributed  the  vasodilation  observed  by  Carlson  to  the 
effects  of  metabolites  resulting  from  the  stimulation  of  the  secretory 
fibers  of  the  synipathotic  (a  possible  explanation  considered  by  Carlson 
but  held  by  him  to  be  insufficient) ;  the  primary  action  of  the  atropine 
would,  ac^cording  to  this  interpretation,  be  upon  secretory  and  not 
upon  vasodilator  nerves.  A  similar  explanation  has  been  suggested 
(4)  for  the  vasodilation  seen  in  the  bucco-facial  region  oi  the  dog  follow- 
ing stimulation  of  the  cervical  sympathetic'  Special  interest  in"sym-  . 
pathetic  vasodilators"  has  been  aroused  in  recent  years  by  the  work 
of  I3ale,  (16),  (17),  (18).  Dale  found  that  after  the  injection  ofergo- 
toxine  or  of  ergot  preparations  containing  crgotoxine  into  certain  animals 
stimulation  of  the  splanchnic  (also  after  removal  of  the  adrenal),  or  of 
the  spinal  cord,  caused  a  fall  of  blood  pressure;  stimulation  of  the 
abdominal  s^-mpathetic  caused  a  dilatation  of  the  vessels  of  the  foot 
instead  of  the  usual  constriction.  Epinephrin  (and  also  nicotine) 
caused  only  a  fall  of  blood  pressure  in  these  animals  and  only  a  dila- 
tation of  the  intestines  and  spleen.*  Dale  interpreted  these  results 
as  probably  additional  evidence  for  the  existence  of  sympathetic  vaso- 
diUtor  nerves  the  action  of  which  is  usually  obscured  by  that  of  the 
sympathetic  vasoconstrictor  nerves.  Similarly  the  vasodilation,  often 
resulting  in  a  fall  of  blood  pressure,  usually  obtained  (without  the 
previous  injection  of  ergotoxin)  in  certain  animals  after  the  injection 
of  small  amounts  of  epinephrin  has  often  been  attributed  to  a  stimula- 

>  Thia  vasodilator  action  wtu  deacrtbed  by  Dutre  sod  Moral  (14)  and  cod- 
finned  by  Langley  and  DickuiBon  (15)  and  by  Dale  (10).  None  of  these  writers 
report  experimeDtn  with  atropine. 

■  Tltie  effect  upon  the  spleeh  and  also  the  abolition,  by  ergot,  of  the  preaaor 
action  of  epinephrin  and  of  splanchnic  stimulation  was  obaerved  independently 
by  Sollman  and  Brown  (19). 
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tion  of  Buch  nerves.  Tbe  work  of  Dale  and  others  shows  that  this 
vasodilator  mechamsni  is  widely  distributed  in  the  body,**  hence  it  was 
of  interest  to  see  if  it  was  involved  in  the  vasodilator  action  of  acetyl- 
cholin.  There  were  some  reasons  for  suspecting  that  the  latter  would 
be  found  not  to  be  the  case;  for  instance,  no  evidence  based  upon  experi- 
ments such'as  those  just  described  has  been  found  for  the  presence  of 
sympathetic  vasodilators  in  tbe  rabbit  and  yet  the  vasodilator  action 
of  acetyl-chotin  is  very  pronounced  in  this  animal. 

So  far  as  I  am  aware  Carlson  (13)  is  the  only  one  who  has,  in  recent 
years,  investigated  the  action  of  atropine  upon  so-called  sympathetic 
vasodilators;  as  was  stated  above,  doubts  have  been  expressed  as  to 
the  vasodilator  functions  of  the  nerve  he  studied.  OstroumolT  argued 
that  the  vasodilators  in  the  sciatic  which  he  investigated  belonged  to 
the  sympathetic  system;  as  was  stated  above  he  found  that  these  nerves 
were  not  paralyied  by  atropine.  It  has  been  shown,  however,  that 
there  are  many  posterior  root  vasodilators  in  the  sciatic — perhaps 
they  are  the  only  ones  present — these,  as  was  shown  above,  are  not 
paralysed  by  atropine. 

If  the  vasodilation  from  acetyl-chotin  is  due,  in  whole  or  in  part,  to 
an  action  upon  the  endings  of  sympathetic  vasodilators  or  to  the  same 
mechanism,  whatever  it  may  be,  responsible  for  the  fall  of  blood  pres- 
sure from  epinephrin  we  should  expect  to  find  the  action  of  the  latter 
diminished  or  prevented  by  atropine.  1  have  been  unable  to  find  any 
record  of  experiments  in  which  the  effect  of  atropine  upon  the  vaso- 
dilator action  of  epinephrin  after  ergotoxine  was  tested.  The  only 
reference  which  I  have  found  as  to  the  relation  of  atropine  to  the  de- 
pressor action  of  epinephrin  is  an  incidental  remark  by  Chiari  and 
Frohlich  (24) :  they  found  epinephrin  to  cause  a  fall  of  blood  pressure 
in  cats  poisoned  with  oxalates  and  in  a  normal  cat  with  high  blood 
pressure;  they  state  that  the  vagi  had  been  cut  or  atropine  administered. 

■  Meltier  aad  Melticr  (20}  reported  experiments  which  suggest  that  epineph- 
rin may  have  a  central  vasodilalor  action;  Pilcher  and  Sollmann  (21)  found 
vascular  dilatatioa  to  result  exceptionally  from  a  central  action  of  epinephrin 
but  believed  it  to  be  caused  by  an  increased  blood  supply  relieving  an  asphyxial 
stimulation;  Hartman  and  Fraser  (22)  believe  the  epinephrin  vasodilator  reac- 
tion to  be  of  central  origin.  That  the  epinephrin  vasodilation  after  ergotoxine 
is  not,  at  least  solely,  due  to  a  central  action  is  shown  by  the  dilatatioa  observed 
by  Dale  in  the  cat's  foot  when  epinephrin  was  injected  peripherally  into  the 
femoral  artery  after  ergotoxine  and  by  the  work  of  Cannon  and  Lyman  (23) 
who  showed  that  epinephrin  may  cause  a  fall  of  blood  pressure,  after  ergotoxine, 
when  the  brain  and  entire  spinal  cord  have  been  destroyed. 
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I  have  frequently  observed,  and  have  no  doubt  that  othere  have 
made  the  same  observation,  although  I  do  not  find  it  recorded,  a  fall 
of  blood  pressure  from  epinephrm  after  atropine  had  been  administered, 
i.e.,  in  animals  which  had  not  received  ergotoxine.  From  a  quantita- 
tive standpoint  such  experiments  are  often  unsatisfactory;  the  results 
are  often  obscured  by  a  fact  noted  incidentally  by  others  (24),  (25), 
an<l  more  fuUy  investigated  by  Cannon  and  Lyman  (23)  namely,  that 
the  extent  of  the  fall  of  blood  pressure  and  at  times  even  its  occurrence 
is  dependent  to  a  considerable  degree  upon  the  level  of  the  blood  pres- 
sure when  the  epinephrin  is  injected.  If,  as  often  happens,  atropine 
has  caused  a  fall  of  blood  pressure  the  depressor  action  of  a  given  dose 
of  epinephrin  may  be  less  or  even  replaced  by  a  rise.  However,  a  fall 
of  blood  pressure  from  epinephrin  after  the  administration  of  sufficient 
atropine  to  prevent  the  vasodilator  action  of  acetyl-cholin  has  been  so 
often  observed  as  to  leave  no  doubt  that  the  fall  of  blood  pressure 
from  epinephrin  is  of  a  different  character  from  that  after  acetyl-cholin ; 
experiments  of  this  kind  are  shown  in  tables  3  and  4  (p.  243.) 

The  same  is  also  shown  in  the  following  experiment  (which 
also  shows  that  the  depressor  action  of  acetyl-cholin  is  not  altered  by 
ergotoxine). 

TABLE  I 

BxperimeiU  4^.     Cat;  1.96  K;  pithed  from  second  aerltbra    upteardt;  injeetiont 

into  external  jugular 


EpinepbriD  1 :  100,000,  1  cc 

Acetyl-cholin  1:5,000,000.  1  cc. 

Kritotoxine,  5.2  mgni. 

Epiaephrin  1 :  100,000.  1  cc 

Acetyl-cholin  1:5,000,000,  I  cc. 

Epiaophrin  1 :  10,000,  1  cc 

Lrgotoxinr.  3.25  mgm 

.icctyl-oholia  1 :  5,000,000 

.atropine  sulphate,  0.5  mgm 

Acetyl-cholin  1 :  100,000,  1  cc.. . 

KpiDephriii  1:10,000 

Atropine  sulphate,  2.6  mgm 

KrKotoxine,  3.25  mgm 

Epinephrin  1 :  10,000,  I  cc 


Rose  20  mm.  (00  to  119) 
Fell  16  mm.  (80  to  64) 
Rose  67  mm.  (78  to  14S) 
Pell  9  mm.  (105  to  96) 
Fell  18  mm.  (87  to  69) 
Fell  15  mm.  (83  to  68) 

0 
Pell  13  mm.  (77  to  M) 


Roee  26  mm.  (86  to  92) 
Fell  23  mm.  (83  to  00) 


1-31  j 
1-34 


I.  atropine  sulphate.. 


0.6  IT 


Eptaephrin  1 :  10.000,  1  cc Fell  2S  mm.  (92  to  64) 

Acetyl-cholin  1 :  10,000.  Ice Fell  14  mm.  (»4  to  80) 
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It  will  be  noted  in  this  experiment  that  after  ergotoxine  had  been  given  until 
tbe  epinephria  effect  was  reversed  and  after  the  injection  of  12.6  ragm.  o{  atro- 
pine, 0.1  mgm.  acetyl-cholin  caused  a  fall  of  prcasure.  Ordinarily,  i.e.,  without 
ergotoxine,  auch  an  amount  of  acetyl-cholin  injected  after  such  an  amount  of 
atropine  caused  do  fall  of  blood  pressure ;  frequently  it,  like  larger  doses,  caused 
a  rise  of  pressure  (nicotine-like  action  of  Dale).  Thus  it  appeared  that  ergo- 
toxine may  have  prevented  or  reversed  the  pressor  action  of  acetyl-cholin.  That 
ergotoxine  does  have  this  action  was  shown  in  another  experiment:  atropine 
was  given  until  acetyl-cholin  (5  mgm.)  caused  only  a  rise  of  pressure  (from  78  to 
118  mm.  Hg.);  6.5  mgm,  ergotoxine  was  injected;  the  same  dose  of  acetyl-cholin 
caused  the  pressure  to  fall  34  mm.  (from  80  to  46).  Expressed  in  the  terms  of 
the.  hypothesis  of  sympathetic  vasodilators  and  the  nicotine-like  action  of 
acetyl-cholin  this  result  might  be  interpreted  as  showing  that  acetyl-cbolin 
stimulates  ganglion  cells  of  both  the  sympathetic  vasoconstrictors  and  of  the 
vasodilators;  but  since  the  endings  of  tbe  former  had  been  paralyzed  by  ergo- 
toxine only  the  action  of  the  latter  appeared,  leading  to  the  fall  of  blood  pressure. 
The  injection  of  nicotine  in  this  experiment  was  of  interest;  the  first  injection 
(20  mgm.)  caused  only  a  pronounced  fall  of  pressure  (as  was  to  bo  expected  after 
ergotoxine:  "stimulation  of  sympathetic  vasodilators"):  a  second  injection  of 
nicotine  bad  no  effect  on  the  blood  pressure  ("stage  of  the  paralysis  of  the  sym- 
pathetic vasodilators").  But  acetyl-cholin  caused  as  great  a  fall  of  pressure  as 
beforb  tbe  nicotine,  which  may  be  interpreted  aa  indicating  that  sympathetic 
vasodilator  ganglia  are  leas  easily  paralyzed  by  nicotine  than  are  the  constrictor 
ganglion  cells.  An  alternative  hypothesis  would  be  that  the  fall  of  pressure 
was  due  to  the  acetyl-cholin  being  able  to  overcome  the  peripheral  action  of  tbe 
atropine  when  the  possibility  of  its  constrictor  action  had  been  eliminated  by 
ergotoxine. 

2.   THE    RELATION    OF   THE    ACETYL-CHOLIN    VASODILATOR    REACTION    TO 
REFLEX    VASOMOTOR    CHANGES 

It  was  not  possible,  as  has  been  shown  above,  to  &nd  a  relation  be- 
tween the  vasodilator  action  of  acetyl-cholin  and  any  of  the  groups  of 
nerves  to  which  vasodilator  functions  have  been  ascribed:  namely,  the 
parasympathetic,  the  posterior  root  or  the  sjinpathetic  nerves.  Since, 
however,  the  mechanism  through  which  acetyl-cholin  exertfi  its  vaso- 
dilator action  is  the  most  powerful  yet  found  in  the  body  it  seemed  of 
interest  to  determine  if  there  are  any  indications  that  the  body  makes 
use  of  it  in  reflex  vasomotor  changes  and  also  to  compare  the  areas 
involved,  the  degree  of  activity,  etc. 

a.  Depressor  nerve.  If  the  mechanism  under  discussion  is  involved 
in  the  fall  of  blood  pressure  resulting  from  stimulation  of  the  depressor 
nerve  the,  effect  of  the  latter  should  be  diminished  by  atropine.  It  is, 
of  course,  well  known  that  the  depressor  causes  a  fall  of  blood  pres- 
sure after  atropine  but  no  experiments  seem  to  have  been  reported  in 
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which  the  possibility  waa  considered  that  atropine  might  dimiaish  the 
effect  or  possibly  prevent  one  phase  of  the  action.  A  number  of  inves- 
tigators, notably  Bayliss  (26),  have  shown  that  the  fall  of  blood  pres- 
sure fi-om  stimulation  of  the  depressor  is  due  in  part  to  inereaaed  activ- 
ity of  vasodilator  nerves,  in  part  to  an  inhibition  of  vasoconstrictors. 
Martin  and  Stiles  (27)  found  two  types  of  reflex  fall  of  blood  pressure 
from  stimulation  of  the  central  end  of  the  vagus  (cat) ;  in  one  type  the 
threshold  is  low  and  the  authors  beUeve  the  fall  of  blood  pressure  is 
due  to  the  excitation  of  vasodilators;  the  other  type  has  a  high  thresh- 
old and  is  believed  to  represent  the  inhibition  of  constrictors.  It 
seemed  of  interest  to  determine  if  atropine  might  not  affect  the  one 
type  and  not  the  other.  My  own  experiments  were  performed  upon 
rabbits.  The  only  publication  I  found  bearing  upon  this  subject  was 
by  Tschirwinsky  (28),  who  stated  that  the  fall  of  blood  pressure  from 
the  depressor  was  26.2  per  cent  before  and  29.7  per  cent  after  atropine; 
he  also  stated  that  he  sometimes  found  the  depressor  to  cause  a  rise  of 
pressure  and  (if  I  understand  him  correctly)  that  this  was  facilitated, 
or  increased,  by  atropine.  As  regards  the  latter  point:  I  have  occasion- 
ally seen  the  fall  of  pressure  followed  by  a  rite  but  this  seemed  to 
be  entirely  independent  of  the  administration  of  atropine.  I  did  not 
find  atropine  to  have  any  effect  upon  the  fall  of  blood  pressure  resulting 
from  either  weak  or  strong  stimulation  of  the  depressor.  I  do  not 
consider  these  results  to  be  conclusive  evidence  that  atropine  may  not 
modify  certain  features  of  the  action  of  the  depressor  nerves;  finer 
gradations  of  stimuli  might  have  given  different  results  and  plethys- 
mograpb  experiments  might  have  shown  that  after  atropine  the  rela^ 
tive  extent  of  dilatation  in  different  organs  was  changed  (see  below). 
But  even  if  such  changes  were  found  this  would  not  invahdate  the 
conclusions  that  the  acctyl-cholin  dilator  mechanism  is  not  involved, 
to  any  considerable  extent,  in  the  fall  of  blood  pressure  from  stimula- 
tion of  the  depressor. 

Plethysmograph  experiments  showed  that,  the  blood  pressure  being 
high,  when  equal  falls  of  blood  pressure  were  caused  by  depressor 
stimulation  and  by  acetyl-choltn  the  expansion  of  the  foreleg  and  the 
ear  was  usually  greater  with  the  acetyl-cholin.  When,  as  sometimes 
occurred,  the  depressor  and  acetyl-choUn  caused  a  (passive)  diminu- 
tion in  the  volume  of  the  hindleg  that  resulting  from  the  former  was 
greater;  the  fall  of  blood  pressure  being  the  same  in  both  cases.  These 
results  suggest  that  dilatation  of  the  limb  and  ear  vessels  are  a  mora 
important  factor  in  the  aeetyl-choHn  fall  of  blood  pressure  than  in  that 
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caused  by  the  depressor.  C'omparisons  made  upon  other  oi^ans  were 
not  very  satiBfactor^-  but  the  following  results  arc  of  interest:  in  an 
experiment  in  which  the  blood  pressure  was  verj-  low  (39-40  mm.) 
depressor  stimulation  and  the  injection  of  acetyl-choUn  caused  about 
equal  falls  (9-11  mm.)  of  blood  pressure  and  a  (passive)  diminution  in 
the  volume  of  a  loop  of  the  intestine;  later  when  the  blood  pressure  was 
Jiigher  (78-82  mm.)  acetyl-cholin  caused  a  slight  expansion  of  the 
intestine  and  depressor  stimulation  a  slight  diminution  (the  fall  of 
blood  pressure  being  22  and  24  mm.  respectivelj') ;  a  little  later,  with 
a  blood  pressure  of  about  90  mm.  both  the  depressor  and  acetyl-cholin 
cause  a  marked  expansion  of  the  intestine.  These  results  suggest  that 
the  dilatation  of  the  intestinal  vessels  is  dependent  upon  the  d^ree  of 
their  tonicity;  considered  in  connection  with  what  follows  it  seems 
probable  that  the  depressor  dilatation  in  this  area  is  chiefly  due  to  an 
inhibition  of  vasoconstrictors. 

There  was  in  one  respect,  a  striking  difference  between  the  effects  of 
depressor  stimulation  and  of  acetyl-cholin  upon  the  volume  of  the  ear 
or  leg  (table  2  and  fig.  2).  As  already  stated  the  acetyl-cholin  dilata- 
tion was  greater  than  the  depressor  dilatation  although  the  fall  of 
blood  pressure  was  the  same  in  both  cases.  Moreover,  the  dilatation 
could  be  obtained  repeatedly  and  without  any  diminution  from  acetyl- 
cholin  but  the  dilatation  from  depressor  stimulation  became  less  and 
was  sometimes  replaced  by  a  (passive)  diminution  of  volume,  although 
the  effect  upon  the  blood  pressure  remained  the  same.  A  number  of 
factors  may  be  involved  (especially  in  such  an  experiment  as  that  upon 
which  table  2  is  based)  in  this  lessened  dilatation  of  the  leg  or  ear. 
But  the  factor  apparently  most  often  involved  was  the  repeated  stimu- 
lation of  the  depressor  itself,  and  there  seems  justification  for  the  hy- 
pothesis that  the  dilatation  of  the  limbs  and  ear  from  depressor  stim- 
ulation is  chiefly  due  to  a  central  stimulation  of  vasodilators  and  that 
this  mechanism  is  easily  fatigued  whereas  the  acetyl-cholin  dilatation 
is  entirely  peripheral  and  is  not  easily  fatigued. 

b.  Other  afferent  nerves.  Stimulation  of  afferent  nerves  other  than 
the  depressor  will,  as  is  well  known,  cause  a  fall  of  blood  pressure, 
especially  under  certain  conditions.  The  mechanism  of  this  fall  of 
pressure  is  not  definitely  known;  that  it  is  difi'erent  from  that  involved 
in  the  acetyl-cholin  reaction  is  indicated  by  the  fact  that  tt  is  not  pre- 
vented by  atropine  (tables  3  and  4;  in  both  of  these  experiments  the 
fall  was  greater  after  atropine). 
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TABLE  I 

Experiment  iS7.    Rabfnl;  »ee  figure 


it) 


L,  depressor   stun 
latedl0s«c.,coiU3.5. 

Acetyl-cholin,     0.001 
igm.  intravenously.. 

h.  depressor;  10  sec, 
coil  13.5 

L.  depressor;  10  sec, 
coil  13.3 

Acetyl-cholin,    O.OOI 
mgm.  (iDJectcd  more 
slowly) 

O.QpercentXsCI,  Ice... 

Atropine  sulphate,  0.5 

L.  depressor 

.'Vcetyl-cholin    0.001 

L.  depressor 

Acetyl-cholin.     0.01 

Chloral  hydrate  0.036 
gr&m,  Ethyl  carba- 
mate, 0.09  grom.  (in- 
travenously) 

L.  depressor 

Atropine.  3  nifcni 

L.  depressor 

Acetyl-cholin.     0.05 

mpn 

L.  deproNsor 

Atropine,  5  mgm 

L.  depressor , . 

.4cetyl-cholin.     0.05 

Chloral  hydrate  0.108 
gram.  Ethyl  carba- 
mate. 0,270  gram,  (in- 
travenously I 

Atropine  sulphate  5 
mpn 


Fell  42  n 
Fell  36  n 
Fell  42  n 

Fell  40  n 

Fell  23  IT 


1.  (86-44) 
I.  (86-50) 
I,  (84-42) 

I.  (82-42) 

L.  (79-5«l 


m.  (83-75) 
nm.  (81-41) 


Felt  40  a 
Fell  38  n 


Fell  -39  n 
Fell  20  n 


n.  (84-^4) 
1.  (86-48) 


.  (91-j«t 

.  (9(Ki2) 

.  (8S-49) 

.  186-18> 

I.  (88-49) 

.-  (88-68) 


Expansion  (Hk.  2,  a) 
Expansion  (hg.  2,  b) 


Slight  expansion 
(fig.  2,  c) 


Expansion  (fig,  2,  d) 


Slight  expansion 
Great  expansion 


Great  expansion 
(fig.  2,  e) 


Expansion  (fig.  2.  D 


Great  expansion 


Expansion  (fig.  2.  h) 
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TABl^  2— Conlinw;! 
Experiment  %B7.     RaiAil;  tee  figure  i 


„.. 

BLOOD  rRKHDH 

E  (I-EMOBIL) 

L    depreflsor 

53 

Acotyl-cholin 

0.025 

4-02 

Acetyl-cholin 

O.I  mgm. 

Fell  49  mm 

(90-41) 

Great  expausioD 
(like  2-02) 

13 

Atropioe,  10  rogm 

Fell  42  mm 

(93-51) 

Great  expansion 

Great  contrMtion 

18 

Acetyl-cholin 

0. 1  mgm. 

C 

0 

30 

L,  depressor, 

coil  10.... 

Fell  22  mm 

(72-50) 

Contraction 

Fig.  2.  Experiment  457.  Rabbit,  1.84  K;  chloral  hydrate  and  ethyl  carba- 
late;  vagi  cut.  Ear  in  plethysmograph ;  up  '-  expansion.  Time  in  eeconda, 
II  see.  and  min.    See  table  2. 
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TABLE  1 

ExperimetM  iTS.    Cat;  S.78  K;  chloral  hydrate  and  tthyl  earbamale 


Sciatic  (Harvard  coil ;  tetaniiing  current),  coil 
13.. 


Acetyl-cholin,  0.01  mgm.  (saphenous  vein.).. 

Epioephrin,  O.OOS  mgni 

Atropine  sulphate,  1  rngm 

Epinephrin,  0.005  mgm 

Acetyl-cbolin,  0.01  mgm 

Epinephrin,  0.01  mgm 

3.5  mgm.  atropine  sulphate 

Sciatic,  coil  13 

Epinephrin,  0.01  mgm 

Sciatic,  coiJ  13-« 

Epinephrin,  0.005  mgm 


Fell  7  mi 
Fell  50  a 
Fell  36  n 
Fell  17  n 
Fell  29  n 


.  (127-120)' 
a.  <  114-64) 
a.  (122-86) 
n.  (122-105) 
D.  (11  -«t)' 


Fell  49  mm.  (124-75) 

Fell  12  mm.  (118-106) 
Fell  45  mm.  (120-75} 
FelU5mm.  (I27-112)t 
Fell  52  mm.  (126-74). 


'Thin  was  the  greatest  fait  of  pressure  which  could  be  obtained  with  anj 
strength  of  stimulus. 

t  This  was  the  greatest  fall  of  pressure  which  could  be  obtained  with  any 
strength  of  stimulus. 

TABLE  4 

ExperimeJU  i$0.  Cat;  chloral  hydrate  and  tthjfi  earbamale 
The  sciatic  was  stimulated  a  number  of  times  with  very  weak  as  well  as 
stronger  stimuli;  the  greatest  fall  of  blood  preaaure  obtainable  (coil  13-90)  waa 
4  mm.  Cold  alcohol  was  now  circulated  about  the  sciatic ;  the  strongest  stimuli 
(which  had  previously  caused  only  a  rise  of  pressure)  now  unifonnl;  caused  a 
foil  of  pressure  which  was  greater  than  that  obtainable  with  any  strength  of 
stimulus  before  the  nerve  was  cooled;  O.OOOS  mgm.  acetyl-cholin  injected  intra- 
venously had  caused  the  pressure  to  fall  27  mm.  The  nerve  waa  being  cooled 
when  the  following  stimulations  were  made. 


,». 

^ 

««,.„«v„(r.»o.^l 

Fell  0  mm.  (91-82) 

27 

1ft 

The  circulation  of  the  alcohol  waa  stopped  and  the  temperature  of  the  nerve 
allowed  toreturn  to normalistimulationnowwithanystreogth of  current  cauaed 
BO  effect  or  only  a  rise  of  pressure ;  with  the  mil  at  6,  for  example,  the  rise  waa 
41  mm.  (93-134);  no  fall  could  be  obtained  with  any  strength  of  atimulua. 
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In  the  second  of  the  above  experimeDts  I  made  use  of  a  method  for  inteDsify- 
inft  the  fall  of  blood  pressure,  when  ordinary  "tetaniiing"  currents  are  used, 
origioally  described  by  Howell,  Budgett  and  Leonard  (29)  and  more  fully  investi- 
gated by  me  (30T  vii.,  ulimulating  the  nerve  while  it  was  being  cooled.  So  far 
AH  I  am  aware  Vincent  and  Cameron  (31)  are  the  only  investigators  who  have 
repeated  these  experiments;  they  state  that  they  obtained  the  same  results 
(although  their  interpretation  of  the  results  was  different  from  that  which  I 
thought  could  be  placed  upon  them.)  Others,  without  however  repeating  the 
experiments,  have  expressed  the  opinion  that  the  effect  of  the  cooling  is  simply 
equivalent  to  that  of  employing  a  weaker  stimulus.  Thus  Martin  and  Lacy 
(32)  suggested  that  the  procedures  I  employed  (among  them  cooling  the  nerve) 
resulted  in  a  mere  impairment  of  conductivity! 

"Thusstrongstimuliwere  converted  into  weak  ones,  and  what  Hunt  observed 
was  the  usual  effect  on  blood  pressure  of  threshold  stimulation."  Ranson  and 
Billingsley  (33)  stated:  "Cooling  a  nerve  would  decrease  the  strength  of  the 
impulses  passing  over  it  BO  that  the  net  result  would  be  the  same  as  that  of  weak 
stimulation."  I  thought  that  I  had  met  objections  of  this  character  (which, 
moreover,  at  least  when  expressed  in  this  way,  are  difficult  to  reconcile  with 
the  current  views  of  the  "all  or  nothing"  principle  of  the  nerve  impulse)  when  I 
stated  that  I  had  found  that  "a  much  greater  (all  of  pressure  can  be  obtained 
when  the  nerve  is  cooled  and  stimulated,  than  can  be  obtained  by  the  use  of  a 
weak  stimulus  alone" — a  fact  again  illustrated  in  the  experiment  cited  above. 
I  also  found  that  stimulation  of  the  central  end  of  a  regenerating  nerve  caused 
a  fall  of  pressure;  Vincent  and  Cameron  found  the  same.  These  results  hav« 
been  interpreted  in  the  same  way  as  the  cooling  experiments;  it  has  been  said 
"the  conductivity  of  a  regenerating  nerve  is  less  than  that  of  a  normal  one  and 
only  weak  impulses  could  be  made  to  reach  the  cord  by  way  of  such  a  nerve." 
I  had  pointed  out,  however,  that  a  greater  fall  of  pressure  could  be  obtained  from 
a  regenerating  nerve  than  could  be  obtained  with  any  strength  of  stimulus  from 
the  corresponding  normal  nerve  (unless  the  latter  were  cooled). 

Ranson  and  Billingsley  expressed  surprise  that  Vincent  and  Cameron  should 
have  not  always  found  it  possible  to  satisfy  themselves  as  to  the  different  effects 
of  weak  and  strong  currents;  they  themselves  considered  a  rise  of  pressure  from 
weak  stimulation  atypical.  Martin  and  Lacy  also  speak  of  the  constancy  with 
which  they  obtained  a  fall  of  pressure  with  weak  stimuli.  My  experience  on 
the  whole  has  been  siniilar  to  that  of  Vincent  and  Cameron;  it  has  been  some- 
what  exceptional  for  me  to  obtain  marked  falls  of  blood  pressure  with  weak 
stimuli.  The  experiments  of  Gruber  (34)  offer  a  satisfactory  explanation  of 
these  differences.  Gruber  found  that  the  rate  of  stimulation  has  fully  as  great 
aninlluenceupon  the  result  as  the  strength  of  the  stimulus.  1  had  tried  different 
rates  in  my  original  experiments  but  for  some  reason  failed  to  find  a  difference. 
Martin  and  Lacy  seem  also  to  have  obtained  negative  results  in  such  experiments 
for  Stiles  and  Martin  (35)  state;  "Martin  and  Lacy  have  found  that  the  inter- 
ruption of  the  primary  current  can  be  made  to  take  place  at  widely  varyingrates 
without  affecting  the  extent  of  the  vasomoter  chaise  resulting  from  the  stimu- 
lation of  a  single  afferent  path."  I  find  it  very  easy  to  confirm  G ruber's  state- 
ment as  to  the  difference  between  the  effects  of  different  rates  of  stimulation; 
this  is  a  more  convenient  method  of  obtaining  a  depressor  reaction  than  th« 
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method  of  aooliug.  Martin  and  Lacy  do  not  state  the  rate  of  stimulation  they 
employed ;  they  simply  say  that  an  apparatus  was  used  by  which  the  primary 
circuit  was  broken  2  to  8  times  a  second  and  that  for  more  rapid  rates  ui  appa- 
ratus waa  used  by  which  the  circuit  could  be  broken  from  4  to  60  times  a 
second.  In  later  papers  on  this  general  subject  Martin  and  his  coworkers  speak 
of  uaing  8  to  15  (36),  5  to  IS  (37)  and  8  to  12  <38)  interruptions  per  second.  Ran- 
aoQ  and  Billingsley  do  not  state  definitely  the  rate  of  atimulation  they  employed 
but  refer  to  an  earlier  paper  (39)  in  which  it  was  stated  that  the  rate  "was  fairly 
alow,  about  2S  per  second."  Gruber  used  rates  of  from  4  to  30  per  second.  On 
the  other  hand  Howetl,  fiudgett  and  Leonard,  Vincent  and  Cameron  and  I  em- 
ployed the  "tetaniaioK"  current;  in  the  coil  I  used,  the  rate  was  about  80  per 
Mcond.  The  group  of  investigatorH  who  used  slower  rates  found  a  fall  of  prea* 
sure  to  be  the  usual  result  of  the  stimulation  of  an  afferent  nerve  with  weak 
stimuli;  those  of  us  who  used  more  rapid  rates  often  failed  to  observe  more  than 
alight  falls  of  pressure.  This  difference  in  the  method  of  experimenting  may 
also  explain  a  difference  in  the  results  which  have  been  reported  for  certain 
nerves;  thus  I,  using  the  tetaniiing  current,  found  in  a  considerable  number  of 
experiments  a  fait  of  pressure  from  the  saphenous  nerve  in  the  dogand  rabbit,  but 
stated  that  it  "rarely  occurred"  from  stimulation  of  this  nerve  in  the  cat;  Lang- 
ley  (40)  found  the  same,  although  he  states  that  his  experiments  upon  cats  were 
not  numerous.  Other  workers  using  slower  rates  of  stimulation  have  easily 
obtained  a  fait  of  pressure  from  the  cat's  saphenous.  I  have  recently  obtained 
the  same.  ■ 

I  have  recently  made,  incidentally,  some  observations  upon  the  effects  of 
cooling  a  nerve  (sciatic,  cat)  and  stimulating  it  with  the  "tetaniiing"  current 
(about  80  interruptions  per  second)  and  with  a  slow  rate  of  stimulation  (6  per 
second).  Before  cooling  only  a  very  slight  fall  of  pressure  (4  or  5  mm.)  could 
be  obtained  whatever  was  the  position  of  the  secondary  coil  of  the  inductorium 
arranKed  for  the  tetaniiing  current.  The  strength  of  the  latter  was  increased 
until  a  rise  of  IS  mm.  was  obtained;  a  fall  of  14  mm.  was  obtained  with  the  slow 
stimulation.  Cold  alcohol  was  circulated  about  the  nerve  in  the  manner  de- 
scribed in  my  original  paper  and  the  nerve  stimulated  alternately  with  the  slow 
and  with  the  rapid  rate,  the  secondary  coils  remaining  the  same  in  each  case. 
As  the  nerve  was  cooled  the  rise  of  pressure  from  the  tetaniiing  current  became 
lesa,  then  there  vfta  no  change  and  finally  only  a  fall  (Id  mm.)  was  obtained. 
The  fall  of  pressure  from  the  alow  stimulation  remained  the  some.  If.  as  has 
been  suggested,  the  change  from  the  rise  to  the  fall  of  pressure  in  the  former 
case  was  simply  the  result  of  a  weakening  of  the  stimulus  through  cooling  it  is 
difficult  to  see  why  the  depressor  reaction  from  the  slow  stimulation  was  not 
lemwnnd.  In  this  exoeriment  the  fall  of  pressure  from  the  slow  rate  (before  and 
after  cooling),  which  was  the  maximum  effect  which  could  be  obtained,  was  the 
same  as  the  maximum  fall  obtained  by  cooling  the  nerve  and  stimulating  it  with 
the  tetaniaing  current. 

I  thought  (30)  that  the  fall  of  blood  pressure  which  results  under  certain  con- 
ditions from  the  stimulation  of  alTprent  nerves  (it  being  assumed  that  the  con- 
dition of  the  center  remained  unchanged)  could,  on  the  wholo.  be  more  salis- 
factorily  explained  on  the  hypothesis  that  there  are  present  in  mixed  nerve 
trunks  depressor,  or  reflex  vasodilator,  nerve  fibers  rather  I  han  on  I  he  hypot  hesis 
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that  stimulation  of  the  same  nerve  fibers  may  at  times  lead  to  a  fall,  at  other 
times  to  a  rise  of  blood  pressure.  The  chief  objection  to  this  hypothesis  has 
been  based  upon  the  quantitative  studies  of  Martin  and  Lacy  on  vasomotor 
reflexes  from  threshold  stimulation;  Ranson  and  Billingeley  (33)  found  this  work 
to  be  the  "most  serious  difficulty"  in  the  way  of  such  a  hypothesis.  As  they 
say:  "according  to  them  (Martin  and  Lacy)  the  threshold  for  the  depressor 
reflex  is  8.7  units  as  compared  with  ....  280  units  for  the  pressor  reflex." 
"It  is  difiicult  to  conceive  of  two  afterent  fibers  so  differently  constituted  that 
the  stimulation  threshold  of  one  should  be  30  times  greater  than  that  of  the 
other."  This  particular  difficulty  seems  to  have  been  removed  by  Gruber's 
work:  Gruber  obtained  pressor  responses  with  only  5.8  units  if  the  rate  of  stimu- 
lation were  increased  to  but  30  per  second;  on  the  other  hand,  depressor  re- 
sponses were  obtained  with  3S3  units  (about  70  times  stronger)  if  the  rate  of 
stimulation  was  reduced  to  4  per  second.  With  a  still  slower  rate  of  stimul*- 
tion  a  depressor  response  was  obtained  with  6643  units,  which  was  390  times 
stronger  than  the  current  necessary  to  produce  a  rise  of  blood  pressure  when 
interrupted  20  times  per  second.  Gruber  concludes  that  the  threshold  for  both 
pressor  and  depressor  responses  may  be  the  same  depending  upon  the  rate. 

Little  positive  evidence  has  been  adduced  by  those  who  believe  that  only  on« 
set  of  afferent  fibers  is  involved  in  both  pressor  and  depressor  reactions.  Martin 
and  Lacy  seemed  to  think  that  their  studies  on  the  reflex  vaemnotor  threshotda 
and  the  assumption  that  cooling  a  nerve,  etc.,  was  equivalent  to  merely  weaken* 
ing  the  stimulus  was  sufficient  to  make  this  hypothesis  at  least  equally  possible; 
in  later  publications,  however,  Martin  and  his  coworkers  have  had  occasion  to 
make  use  of  the  other  conception. 

Ranson  and  Billingsley  adopt  a  hypothesis  which  is  essentially  the  same  as 
one  which  I- considered  in  189S  and  thought  inadequate;  I  stated  it  as  follows: 
"We  might  suppose  one  nerve  fiber  to  be  connected  with  both  a  dilator  and  a 
constrictor  center;  and  perhaps  we  might  further  imagine  that  a  weak  stimulus 
could  reach  or  excite  one  center  more  readily  than  the  other,  owing  to  a  difference 
in  irritability."  I  endeavored,  unsuccessfully,  to  trace  the  paths  of  the  pressor 
and  depressor  impulses  in  the  spinal  cord  but  Ranson  and  Billingsley  have  made 
the  very  important  discovery  of  tracts  in  the  spinal  cord  by  which  "a  weak 
stimulus  could  reach  or  excite  one  center  more  readily  than  theother."  They 
found  that  the  "depressor  path"  is  through  a  tract  of  long  fibSrs  with  few  relays 
whereas  the  pressor  path  is  through  a  series  of  short  relays.  Accepting  the 
views  of  Martin  on  the  relation  between  strength  of  stimulus  and  the  vasomotor 
response  they  believed  that  a  weak  stimulus  could  readily  reach  the  centers 
causing  a  vasodilation  through  the  former,  whereas  only  stronger  impulses  could 
pass  through  the  pressor  path  to  the  centers  causing  a  vasoconstriction.  This 
attractive  hypothesis,  however,  hss  lost  its  chief  support  through  the  work  of 
Gruber  although  doubtless  it  could  be  employed  equally  well  to  explain  the 
effects  of  different  rates  of  stimulation.  The  possibility  that  the  effect  of  cool- 
ing a  nerve  is  in  reality  the  same  aa  reducing  the  number  of  stimuli  might  also 
be  suggested  as  a  working  hypothesis. 

On  the  other  hand  the  fact  that  pressor  and  depressor  impulses  follow  dif- 
ferent paths  in  the  spinal  cord  is  not  in  the  least  inconsistent  with  the  hypothesia 
that  the  impulses  reach  the  spinal  cord  through  different  nerve  fibers.    The  ana- 
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tonical  relations  at  th«  Utter  vee  not  suiGcieatly  known  to  make  theoriiing, 
beyond  the  making  of  working  hypotheses,  profit^le.  But  there  are  certain 
facta  and  views  in  this  connection  which  are  worthy  of  consideration.  It  seemi 
to  be  generally  believed  that  the  posterior  root  vasodilators  are  myelinated 
nerve  fibers;  the  work  of  Bayliss  makes  it  probable  that  the  stimulation  of  th« 
central  end  of  them  fibers  causes  at  least  local  reflex  vasodilation  and  my  own 
work  indicated  that  the  vasodilation  accompanying  the  fall  of  pressure  from 
stimulation  of  afferent  nerves  occurred  in  regions  supplied  by  the  posterior  root 
dilators.  The  afferent  fibers  causing  a  reflen  rise  of  blood  pressure  were  found 
by  Ranson  and  Billingsley  (41)  to  be  unmyelinated  fibers;  these  authors  state 
that  they  believe  the  afferent  fibers  involved  in  the  depressor  reflex  to  belong 
to  this  group  although  they  do  not  seem  to  have  investigated  ihia  point.  Should 
these  conceptions  prove  correct,  vis.,  that  the  afferent  depressor  fibers  are 
myelinated  and  the  afferent  pressor  fibers  are  unmyelinated  they  might  afford 
an  explanation  of  the  effects  of  different  kinds  of  stimuli.  It  is  interesting  that 
the  methods  of  stimulation  which  have  proved  of  value  in  demonstrating  the 
presence  of  vasodilator  nerves  in  nerve  trunks  containing  vasoconstrictors, 
ris.,  weak  stimuli,  a  slow  rate  of  stimulation,  stimulation  nf  a  cooled  or  of  a 
regenerating  nerve  are  the  same  as  those  by  which  a  reflex  fall  of  blood  pressure 
may  most  easily  be  obtained.  To  what  extent  these  differences  are  due  to  dif- 
ferences in  the  response  of  the  end  or  central  organs  and  to  what  extent  they 
may  be  due  to  differences  in  the  nerve  fibers  themselves  has  not  been  satisfac- 
torily determined. 

3.   ANTAOONIsnc    AND    OTHER    ACTIONS    OF    DRUGS    IN    RELATION   TO 
THE   VASODILATOR   ACTION   OF   ACBTTl^CHOLIN 

I  have  repeatedly  called  attention  to  the  antagonistic  action  of 
atropine  to  the  vasodilator  action  of  acetyl-cholin ;  in  fact  this  is  one 
of  the  most  characteristic  pharmacological  reactions  of  acetyl-cholin 
yet  discovered.  Some  comparisons  were  reported  in  a  previous  publi- 
cation (42)  between  the  effects  of  atropine  upon  the  cardio-inhibitory 
nerves  and  its  action  in  diminishing  or  abolishing  the  fall  of  blood 
pressure  from  acetyl-cholin.  It  was  found  that  other  members  of 
the  "atropine"  series  (scopolamine,  hyoscyamine,  homatropine  and 
"eumydrin,"  or  atropinemethyl  nitrate)  had  a  similar  action  but  there 
were  marked  quantitative  differences;  in  general  there  was  a  parallelism 
between  their  power  to  paralyze  the  cardio-inhibitoiy  nerves  and  to 
prevent  the  vasodilator  action  of  acetyl-cholin. 

Recently  the  action  of  atropine  sulphuric  acid  ester  ("Atnnal") 
was  tested.  This  was  far  less  active  than  atropine  sulphate;  ita  para- 
lysing action  upon  the  cardio-inhibitory  nerves  was  also  relatively 
sli^t,  as  had  already  been  found  by  Trendelenburg  (43).  Thus 
I  n^m.  of  this  compound  (which  when  injected  intravenously  into  a 
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cat  cauHod  a  fall  of  blood  pressure  with  a  dilatation  of  the  leg  and  a 
probably  passive  contraction  of  the  nasal  mucosa)  reduced  the  absolute 
fall  of  blood  prossui-p  caused  by  0.002  mgm.  acotyl-cholin  by  41  per 
cent;  the  percentile  fall  of  prcssun;  was  reduced  from  35.8  to  30  and 
the  dilating  action  of  acetyl-cholin  upon  the  leg  was  diminished. 
Within  six  minutes,  however,  the  above  dose  of  acetyl-cholin  was 
almost  as  active  as  at  first;  0.5  m^m.  of  atropine  sulphate  completely 
aboUshcd  the  effect  of  0.002  iiigm.  acetyl-cholin  and  groatlj'  reduced 
that  of  O.l  mKm. 

Pilocarpine  in  doses  causing  no  lasting  fall  of  blood  pressure,  but 
which  usually  caused  a  slowing  of  the  heart,  caused  a  diminution  of 
the  acetyi-cholin  fall  of  pressure  and  less  expansion  of  the  rabbit  ear; 
there  was  a  similar  dirainution  in  the  acetyl-chohn  effect  in  the  cat 
and  dog  without  a  slowing  of  the  heart.  Uiiifortunately  no  injections 
of  acetyl-cholin  were  made  immediately  after,  or  simultaneously  with, 
the  pilocarpine  injection;  it  is  very  probable,  from  experiments  which 
will  be  descri!>ed  later,  that  there  would  have  been  a  summation  of 
the  effects  of  the  two.  TJie  depression  of  the  vasodilator  action  of 
acetyl-cholin  by  pilocarpine  is  doubtless  similar  to  the  depre^ion  of 
the  vagus  effects  of  "synthetic  muscarine"  by  pilocarpine  described  by 
Gflisbiick  (44) ;  in  fact  (iaisbcck's  protocols  show  effects  upon  the  blood 
pressure  similar  to  those  I  obtained  with  pilocarpine  and  acetyl-cholin 
but  he  attributed  the  effects  to  a  cardiac  action. 

Physosligniine  which  is  often  classed,  pharmacologically,  with  pilo- 
carpine has  an  effect  the  opposite  to  that  of  the  latter  in  relation  to 
acetyl-cholin.  Physostigmine  was  shown  in  a  previous  communication 
(45)  to  have  a  sensitizing  effect  on  the  cardio-inhibitory  action  of  one 
of  the  homocholins  and  also,  apparently,  on  the  pupil-constricting 
action  of  the  latter;  physostigmine  has  l>een  found  to  have  a  similar 
effect  on  all  of  the  vascular  actions  of  acetyl-cholin:  it  increases  the 
fall  of  blood  pressure  and  the  .slowing  of  the  heart  Ix'fore  a  large  dose 
of  ati-opinc  and  the  rise  of  blood  pressure  after  atropine.  Some  of 
these  actions  are  illustrated  in  the  following  experiment:  (Table  5). 

A  large  numlier  of  other  compounds  were  tested  in  the  hope  that 
some  of  them  might  throw  more  light  upon  the  action  of  acetyl-cholin. 
Thus  certain  substances  which  have,  or  which  have  been  supposed  to 
have,  some  of  the  actions  of  atropine  were  tested;  also  a  number  of 
substances  which  have  been  stated  to  increase,  or  diminish,  the  sensi- 
tiveness of  the  parasympathetic  nervous  s>-stem  (upon  which  most  of 
the  effects  of  acetyl-cholin  are  exefted).     It  has  l>een  claimed  that 
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whereas  atrophic  paralyzes  chronotropic  and  inotropic  cardio-inhibi- 
tory  functions  equally,  other  substances  depress  especially  the  ino- 
tropic functions.  It  seemed  of  especial  interest  to  test  some  of  these, 
for  the   ncKativc   inotropic   action   of   acetyl-cholin    upon  the   heart 


Ei/ierimenl  479. 

TABIX  I 
Dog;  morphine;  ether;  vagi  cu 

T.-. 

,M»»„».r» 

„.„ 

..«„«„co^». 

2-19 
25 
28 

41 
43 

0.05  mgm.  acetyl-cholio.. 
0.02mgtn.  aeetyl-cholin.. 
2.0  mgin.   atropine   sul- 
phate 
0.02  mgm.  acetyl-cholin . 
1.0  mgm.  physostigmine 

Fell  55  mm.  (103-48) 
Fell  49  mm.  (104-55) 

0 

Roeellmm.  (104-116) 
Fell  17  mm.  (113-96) 

Stowe 

d  from  33  to  21 
0 

0 

47 

0 

Before  the  injection  of  atropine  scetyl-cholin  caused  an  expansion  of  a  fore- 
leg (plethysmograph) ;  this  was  prevented  by  the  atropine  but  occurred 
again  after  the  physostigmine, 

I  ragm.  atropine  sulphate  and  curare  were  now  injected. 


.V38 


0.1  mgm.  acetyl-cholin.. 
0.3  mgm.  physostigmine 

salicylate 

0.1  mgm.  acetyl-eholin  . 
0.4  mgm.  physostigmine 

salicylate 

0.1  mgm.  acciyl-cholin.. 

1.8  mgm.  phyaost  igmine 
salieylate 

0.1  mgm.  arotyl-eholin. . 

6  mgm.  physostigmiae 
salicylate 

5  mgni.  acetyl-cholin 

20   mgm.    nirnpine   suU 

5  mgm.  acetyl-cholin  , , . 


KoHc  14  mm.  {117-81) 


Ko8c28  mm.  (73-101) 


Kose  40  mm.  (80-126) 


Rose  59  mm.  (41-100) 


Increased  from  35  to 


Slopped  for  40  sec. 


Increased  from  17  to 


%H 


The  acetyl-cholin  at  3-38  had  no  cfTecl  on  the  volume  of  the  tegi  the  subse- 
quent injections  (i.e.,  after  (he  physostigmine)  caused  an  expansion  except  that 
at  4-13  there  wan  a  cunlra^lioo  (doubtless  passive)  and  at  4-22  a  marked  con- 
a  (active  because  the  blood  pressure  rose). 


dbjGoogle 


250  RBID   HUNT 

(marked  upon  the  auricle,  less  distinct  upon  the  ventricle)  is  more 
pronounced  than  the  negative  chronotropic  action,  which  appears 
only  after  large  doses;  the  action  of  acetyl-cholin  upon  the  blood  vessels 
may  be  analogous  to  this  negative  inotropic  action  upon  the  heart. 
Since  the  dilatation  of  the  blood  vessels  of  glands  by  acetyl-cholin 
might  be  interpreted  as  an  indirect  effect  of  the  stimulation  of  secre- 
tion (production  of  "metabolites")  a  numberof  compounds  supposed 
to  have  effects  upon  certain  phases  of  metabolism  were  also  tested. 
Some  others  were  tried  on  the  basis  of  hypotheses  which  need  not  be 
discussed;  others  were  tested  incidentally  to  other  studies.  It  is  quite 
probable  that  some  of  the  results  would  not  have  been  reported  nega- 
tive had  larger  doses  been  employed  or  if  the  experiments  had  been 
performed  in  a  different  manner;  I  was  looking  for  striking,  imdoubted 
effects  like  that  of  atropine. 

Curare  which  has  been  stated  by  some  to  paralyze  vasodilator  nerves  (deaied 
by  others  (11)),  usually  diminished  the  absolute  and  perceDfile  fall  of  pressure 
from  acetyl-cholin  when  it  had  itself  caused  a  fall  of  pressure;  when  curare 
caused  a  rise  of  pressure,  as  sometimea  occura,  especially  in  rabbits,  the  action 
of  acetyl-cholin  was  slightly  increased, 

.,4irartcari(i  the  action  of  which  upon  the  sweat  glands  has  long  been  supposed 
to  be  analogous  to  that  of  atropine  (although  recently  an  entirety  different  inter- 
pretation has  been  given  (46)  and  which  is  also  said  to  have  aa  antagonistic 
action  to  the  negative  inotropic  effect  of  pilocarpine  u^on  the  frog  heart  (47) 
had,  in  a  dose  of  0. 1  grain  (cat),  no  effect  upon  the  acetyl-cholin,  or  pilocarpine, 
fall  of  blood  pressure.  " EuphtKalmin,"  a  compound  closely  related  to  betaeu- 
caine,  which  dilates  the  pupil,  presumably  by  an  atropine-like  action,  seemed  to 
diminish  the  effect  of  acetyl-cholin  slightly.  Belaevcaint  itself  seemed  to 
slightly  diminish  the  fall  from  acetyl-cholin;  it  quickly  abolished  the  slowing  of 
the  heart  from  vagus  stimulation  and  for  a  brief  period  diminished  the  slowing 
from  targe  doses  of  acelyl-cholin. 

"A^onoem'ne,"  which  caused  a  fall  of  blood  pressure  and  a  slowing  of  the  heart, 
diminished  the  percentile  fall  from  acetyl-cholin.  "Alypin"  ia  a  dose  caustng 
a  considerable  fall  of  blood  pressure  diminished  the  effect  of  acetyl-cholin  but 
the  latter  returned  as  the  blood  pressure  rose  towards  normal.  Cocaint  (cat; 
36  mgm.)  diminished  the  absolute  but  oot  the  percentile  fall  of  pressure  from 
acetyl-cholin. 

Ergoioiine  in  doses  which  reversed  the  effect  of  epinephriu  upon  the  blood 
pressure  did  not  distinctly  reduce  the  effect  of  acetyl-cholin  (table  1).  Hittamin 
(B-iminaiolylethylamin)  increased  the  fall  of  blood  pressure  from  acetyl-cholin 
in  the  cat;  there  seemed  to  be  a  simple  sununatioa  of  the  effects  of  the  two.  Dur- 
ing the  low  blood  pressure  following  an  injection  of  peptone  or  Airudin  both  the 
absolute  and  percentile  fall  of  pressure  from  acetyl-cholin  were  diminished;  aa 
the  blood  pressure  returned  to  normal  acetyl-cholin  had  its  futl  effect.  Peptone 
caused  an  expansion  of  the  liver;  acetyl-cholin  usually  a  diminution  at  leut  At 
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first.  The  previous  injection  of  extract  of  eorpnt  luieum  h&d  no  effect  upon  the 
aeetyl-cholin  fall  of  blood  pressure ;  injected  together  there  was  a  aummatioa  of 
their  depressor  effects.  The  action  of  corpus  luteum  extract  was  diminished 
but  not  prevented  by  atropine. 

Sieolim.  In  my  first  experiments  with  acetyl-cholin  I  found  that  its  depres- 
sor action  was  not  prevented  by  nicotine;  the  percentile  fall  of  pressure  might 
be  the  same  whether  the  blood  pressure  was  .160  mm.  (under' the  influence  of 
nicotine)  or  only  40  mia.  Dale  showed  that  after  atropine  large  doses  of  acetyl- 
cholin  caused  a  rise  of  pressure;  I  bad  observed  the  same  but  had  failed  to  inter- 
pret it  correctly.  Dale  attributed  this  rise  of  pressure  to  a  nicotine-like  action 
of  large  doses  of  acetyl -cbot in ;  it  is  prevented  by  nicotine.  I  have  found  the 
same  but  have  also  observed  that  sometimes  the  effect  of  nicotine  is  to  convert 
the  pressor  action  of  acetyl-cholin  (after  h  small  amount  of  atropine)  into  a 
depressor  action;  after  a  further  injection  of  atropine  the  depressor  effect  disap- 
peared. The  pressor  action  (after  atropine,  but  before  nicotine)  was  probably 
due  lo  the  preponderance  of  the  stimulation  of  the  ganglion  cells  over  that  of 
the  peripheral  action  which  had  been  reduced  but  not  abolished  by  incomplete 
atropiniiation ;  the  depressor  action  to  the  preponderance  of  the  latter  after  the 
ganglion  cells  had  been  paralysed  by  nicotine;  this  depressor  action  was  in  turn 
prevented  by  sufficient  atropine.  But  the  depressor  action  of  acetyl-cholin 
(after  nicotine)  sometimes  persisted  after  much  atropine  had  been  injected; 
this  can  perhaps  be  best  explained  on  the  hypothesis  advanced  above:  nicotine 
paralyses  sympathetic  constrictors  more  readily  than  sympathetic  dilators  and 
the  vasodilation  from  acetyl-cholin  after  nicotine  and  atropine  may  be  due  to  a 
stimulation  of  sympathetic  vasodilators.  Nicotine  also  increased  the  tendency 
of  acetyl-cholin  to  cause  a  slowing  of  the  heart.  Emelint  had  no  effect  on  the 
action  of  acetyl-cholin.  The  relation  of  tpinephrin  to  the  acetyl-cholin  fall  of 
blood  pressure  was  discussed  in  an  earlier  publication ;  fig.  12.  (p.  214  of  preceding 
paper)  shows  the  balancing  action  of  the  two  upon  the  rabbit  ear. 

The  alkaloids  of  Zygadtnas,  which  1  (48)  showed  in  1902  to  belong  to  the  vera- 
trine  group  (the  toxic  principle  of  these  plants  had  previously  been  supposed  by 
some  to  be  colchicine,  by  others  tobea8apotoxin)had  no  definite  effect  upon  the 
action  of  acetyl-cholin;  when  they  caused  an  extreme  fall  of  blood  pressure  the 
percentile  fall  from  acetyl-cholin  was  usually  lessened  but  as  the  blood  pressure 
returned,  acetyl-cholin  had  its  full  effect.  Similar  effects  were  obtained  with  a 
commercial  specimeo  of  "veratrine."  The  experiments  with  yofcimbtne  were 
inconclusive ;  there  may  have  been  a  slight  diminution  of  the  acetyl-cholin  effect. 
Acetyl-cholin  waa  active  after  large  doses  of  brunnt  and  also  after  ptcrolozin. 

Sodium  oxaiate  which  is  stated  (24)  to  increase,  through  deprivation  of  cal- 
cium, the  excitability  of  the  autonomic  nervous  system  to  pilocarpine  and  epineph- 
rin,  had,  in  small  doses,  no  effect  upon  the  acetyl-cholin  fall  of  blood  pressure; 
in  one  experiment  (cat)  190  mgm.  of  sodium  oxalate  increased  both  the  absolute 
and  percentile  fall  of  pressure  from  acetyl -chojin.  Moffntfium  lulphate  dimin* 
ished  the  absolute  fall  from  acetyl-cholin  and.  when  it  had  caused  a  pronounced 
fall  of  blood  pressure,  also  the  percentile  foil ;  calcium  chloride,  after  magnesium 
sulphate,  increased  first  the  absolute  fall  and  then  restored  the  percentile  fall. 
During  the  rise  of  blood  prenure  from  barium  cfUoriiU,  acetyl-cholin  sometimes 
eaused  a  smaller  fall  of  blood  pressure;  usually,  however,  the  absolute  fall  was 
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the  sume  although  the  pernenlile  fait  was  leas.  If,  however,  the  blood  pressure 
had  been  very  low  both  the  absolute  aod  percentile  fall  from  aceiyl-cholin  waa 
increased  after  barium  chloride.  Both  the  absolute  and  percentile  fall  from 
acetyl-cholin  was  increased  during  the  rise  from  (elTa-hydro-U-naphthtflamm.  In 
one  experiment  (dog)  acetyl-cholin  seemed  much  less  active  after  sodium  nitrite, 
although  the  blood  pressure  was  still  moderately  high. 

The  fall  of  bltiod  pressure  from  acetyl>«holin  injected  two  or  three  minutes 
after  the  injection  of  hydroryanic  acid  was  markedly  diminished  (from  40  to  9 
per  cent  for  example);  there  was  also  a  greater  tendency  of  the  acetyl-cholin  to 
cause  a  slowing  of  the  heart  {vagi  cut).  This  effect  was  of  very  brief  duration. 
The  rise  of  pressure  from  epinephrin  was  similarly  reduced.  Hydrochloric  acid 
in  an  amount  sufficient  to  cause  slowing  and  irregularity  of  the  heart  bad  no 
effect  upon  the  action  of  acetyl-choUn.  The  fall  of  blood  pressure  from  acetyl- 
cholin  after  the  intravenous  injection  of  chloral  hydrate  was  sometimes  slightly 
increased,  sometimes  slightly  diminishediacoustant  effect  of  the  chloral  hydrate 
was  to  increase  the  tendency  of  the  acetyl-cholin  to  cause  slowing  and  often 
irregularity  of  the  heart,  a  result  Himilar  to  that  obtained  by  Loewi  (49)  with 
"synthelic  muscarine"  and  pilocarpine,  ('hlorbuianol  diminished  both  th« 
absolute  and  percentile  fall  of  blood  pressure  in  one  experiment.  A  large  dose 
of  sodium  diethyl-iiarbitvrate  diminished  the  effect  of  acetyl-cholin  i  ethyl  car- 
bamate (0.4  gram  intravenously;  dog  8,  S  K)  had  no  effect;  morphine  diminished 
the  absolute  and  percentile  fall  for  a  short  time. 

Camphor  injected  with  acetyl-cholin  diminished  slightly  the  fall  of  blood 
pressure  from  the  latter;  no  definite  results  were  obtained  with  codeine.  When 
acetyl-cholin  was  injected  during  the  rise  of  blood  pressure  from  »trophanthin 
both  the  absolute  and  percentile  fall  was  diminished;  later  both  were  increased. 

After  extensive  hemorrhage,  leading  to  a  low  blood  pressure,  the  absolute 
fall  from  acetyl-cholin  was  diminished  but  the  percentile  fall  was  increased;  the 
percentile  fall  from  stimulation  of  the  depressor  was  increased  whereas  epineph- 
rin caused  lill-le  or  no  rise  of  blood  pressure  immediately  after  the  hemor- 
rhage. (These  results  suggest  that  at  some  period  after  hemorrhage  those  blood 
vessels  which  usually  reB|>ond  to  acetyl-cholin  and  depressor  stimulation  with 
dilatation  anil  to  epinephrin  with  constrjction  are  in  a  condition  of  strong  tonic 
contraction).  Asphyxia  was  very  effective  in  causing  a  rise  of  blood  pressure 
when  this  had  been  lowered  to  a  considerable  extent  by  the  application  of  acetyl- 
cholin  to  a  lung;  stimulation  of  the  splanchnic  caused  a  greater  rise  (both  abso- 
lute and  percentile)  under  these  oircumstanceB  but  the  level  reached  was  not  so 
high.  On  the  other  hand  the  fall  of  blood  pressure  from  acetyl-cholin  was  in- 
creased when  injected  during  stimulation  of  the  splanchnic  or  of  the  spinal  cord, 
but  the  level  reached  was  not  so  low,  i.e.,  there  was  an  algebraic  summation  of 
the  two  effects;  this  also  occurred  when  a  sensory  nerve  was  stimulated  (for  a 
pressor  response)  and  acetyl-cholin  was  injected. 

Removal  of  the  adreital  glandu  had  no  immediate  effect  on  the  fall  of  blood 
pressure  from  acetyl-cholin.  In  one  experiment  (cat ;  paraldehyde)  the  adrenals 
were  removed  and  the  same  amount  of  acetyl-cholin  injected  every  fifteen  min- 
utes for  four  and  a  half  hours;  during  this  time  the  blood  pressure  fell  from  123 
to  32  mm. ;  the  absolute  fall  from  the  acetyl-cholin  steadily  declined  hut  the  per- 
centile fall  remained  about  the  same.     It  haw  been  supposed  by  some  (with  very 
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little  baaia;  cf.  <50))  that  after  the  removal  of  the  adreoals  there  ia  an  aocumu- 
lation  of  cholin  in  the  blood.  The  thj/roids  were  removed  in  another  experiment 
(cat;  paraldehyde)  and  the  reaction  to  acetyl-cholin  tested  every  twenty  min- 
utes for  seven  and  a  half  houra;  the  blood  pressure  fell  from  137  to  59  mm. ;  the 
abaolute  fall  from  acelyl-cholin  diminished  but  the  percentile  fall  remained 
about  the  same  until  near  the  end  when  it  increaaed  slightly.  In  another  experi- 
ment a  standard  solution  of  acetyl-cholin  was  injected  every  fifteen  minutea; 
between  the  injections  both  cervical  sympathetica  were  stimulated,  the  pupita 
being  kept  in  n  condition  of  maximal  dilatation;  the  pereentite  fait  of  pressure 
from  acetyl-cholin  was  the  same  after  more  than  two  hours.  Twenty-six  cubic 
centimeters  of  1 :  300,000  solution  of  epinephrin  were  now  slowly  tia  sixteen  min- 
utes) injected  intravenously;  when  the  blood  pressure  had  returned  to  normal 
acetyl-cholin  wm  ajiain  injected;  both  the  absolute  and  percentile  fall  of  pres- 
sure were  very  slightly  less  than  before  the  epinephrin.  It  has  been  reported 
<SI)  that  stimulation  of  the  cervical  sympathetic  and  the  injection  of  epinephrin 
increases  the  secretion  of  the  thyroid.  It  would  seem  from  these  experiments 
that  there  is  no  special  relation. between  the  condition  of  the  thyroid  and  the 
acetyl-cholin  fall  of  blood  pressure.  The  cat  in  which  the  cervical  sympatbetics 
were  stimulated  had  been  given,  per  os,  sodium  iodide  for  several  days  preceding 
the  experiment ;  Seidell  and  I  (52J  hod  found  in  1908  that  inorganic  iodides  given 
per  OS  increased  within  twenty-four  hours  the  amount  of  physiologically  active 
iodine  in  the  thyroid,  (Marine  and  RogoiT  (53)  have  found,  when  the  iodide 
was  injected  into  the  circulation,  a  definite  increase  in  the  pharmacological 
activity  of  the  thyroid  after  the  eighth  hour;  this  was  well  marked  by  the  twen- 
tieth hour).* 

4.    UO  OTHER  VASODILATOR  DRL'OS  ACT  UPON  THE  SAHE  MECIUNIBU  AS 
DOES    ACBTVL-CHOLIN? 

The  chief  characteristic  of  the  acetyl-cholin  reaction  is  t^t  it  is 
readily  prevented  by  atropine;  the  best  available  criterion  as  to  whether 
other  drufCR  act  through  the  same  mechanism  is  to  test  their  activity 
before  and  after  the  administration  of  atropine.  A  large  number  of 
ilrugs  have  liecn  tested  in  this  maimer;  only  a  few  need  mention  here. 

*  I  may  add  in  this  connection  that  I  found  in  certain  experiments  on  cats  in 
which  the  thyroids  had  been  removed  and  the  brain  and  spinal  cord  pithed  to 
the  mid-thorax  a  progressive  increase  in  the  rise  of  blood  pressure  from  the  in- 
jection of  a  small  dose  of  epinephrin;  after  two  hours  the  increase  reached  in 
one  case  400  per  cent.  Levy  (51)  bad  found  a  similar  increase  in  certain  experi- 
ments; he  attributed  it  to  a  discharge  of  thyroid  secretion  due  to  a  discharge  of 
epinephrin  as  a  result  of  struggling  under  ether.  But  this  explanation  would 
hardly  hold  in  the  case  of  the  ex|>eriment  cited  above  for  the  thyroids  bad  been 
removed  twenty-four  hours  previously.  I  thought  the  increased  response  to 
epinephrin  might  be  due  to  a  gradual  loss  of  irritability  of  vasodilator  mechan- 
isros;  if  this  ia  the  cose  the  latter  are  not  analogous  to  the  acetyl-cholin  reactioa 
for  this  does  not  seem  to  diminish  during  on  experiment. 
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Vasodilator  action  of  pilocarpine.  Few  studies  seem  to  have  been 
reported  on  the  action  of  pilocarpine  upon  the  blood  vessels.  Kobert 
(54)  stated  that  it  constricts  the  vessels  of  the  perfused  leg  and  kidney. 
Brodie  and  Dixon  (55)  found  it  to  constrict  the  blood  vessels  of  the 
perfused  Umb  and  intestine;  they  stated  that  its  action  is  identical 
with  that  of  epinepbrin  except  that  hu^r  amounts'  are  necessary; 
after  apocodeine  or  curare  they  found  pilocarpine  to  cause  no  con- 
striction but  it  may  now  cause  a  dilatation.  Dixon  (56)  states  that 
the  constriction  ia  prevented  by  atropine.  Brodie  and  Dixon,  and 
Baehr  and  Pick  (57),  found  pilocarpine  to  dilate  the  vessels  of  the  lung; 
Berezin  (58)  reported  a  constriction.  Dixon  and  Halliburton  (59) 
found  a  slight  dilatation  of  the  cerebrftl  vessels.     Friihlich  and  Pick 

(60)  found  pilocarpine  to  dilate  the  blood  vessels  in  frogs.  Henderson 
and  Loewi  (8)  carefully  investigated  t^ie  vasodilation  in  the  sub- 
maxillary gland  following  pilocarpine  and  concluded  that  it  is  probably 
the  result  of  the  vasodilator  action  of  products  of  secretion;  Sollmann 

(61)  suggests  that  the  hyperemia  of  the  skin  often  seen  after  pilocarpine 
may  possibly  be  due  to  the  increased  activity  of  the  sweat  glands. 

Thus  no  one  seems  to  have  reported  a  direct  vasodilator  action  of 
pilocarpine  upon  the  systemic  blood  vessels  of  mammals;  my  own 
experiments,  on  the  contrary,  point  to  such  an  action  and  also  show 
that  this,  like  the  acetyl-cholin  vasodilation,  is  abolished  by  atropine. 
Whether  the  difference  between  my  results  and  those  of  others  was 
due  to  differences  in  dose  was  not  determined;  it  is  not  improbable  that 
large  doses  of  pilocarpine,  like  very  large  doses  of  acetyl-cholin,  have  a 
vasoconstrictor  action.  Under  some  conditions  pilocarpine  causes  a 
marked  rise  of  blood  pressure.  Tlie  vasodilator  action  of  pilocarpine 
is  shown  in  a  number  of  figures  in  the  preceding  paper:  figure  4  (p. 
205)  shows  the  expansion  of  the  leg  of  a  dog;  figure  3  (p.  204)  that  of 
the  leg  of  a  cat  after  pilocarpine;  similar  results  were  obtained  with 
the  rabbit.  Figure  13  (p.  214)  shows  the  expansion  of  a  rabbit's  ear 
after  pilocarpine;  this  figure  also  shows  the  contraction  of  the  ear 
after  epinephrin  (which  has  been  said  to  have  the  same  effect  upon 
peripheral  blood  vessels  as  pilocarpine).  The  effect  of  pilocarpine 
upon  the  outflow  of  the  perfused  rabbit  ear  is  shown  in  figure  10  (p. 
212);  the  effect  on  the  outflow  from  the  submaxillary  gland  is  showu 
in  figure  15  (p.  216),  Pilocarpine  caused  a  slight  contraction  (passive?) 
followed  by  an  expansion  of  the  dog's  penis  (one  experiment).  In  all 
of  the  above  experiments  pilocarpine  caused  a  fall  of  blood  pressure 
with  little  or  no  slowing  of  the  heart;  both  the  fall  of  pressure  and  the 
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pfleotH  upon  th?  blood  veaseb  (with  the  excoption  of  the  perfused  rab- 
bit ear)  were  readily  prevented  by  atropine;  in  none  of  the  e^tperi- 
ments  had  curare  (which  has  been  stated  to  prevent  the  "vasocon- 
!«trictor"  action  of  pilocarpine)  been  given. 

In  a  number  of  cases  comparisons  were  made  between  the  effects 
upon  the  peripheral  blood  vessels  of  pilocarpine  and  acetyl-cholin  in 
doses  causing  approximately  the  same  fall  of  blood  pressure;  the  expan- 
oion  of  the  rabbit  ear  (fig.  13,  p.  214)  and  usually  that  of  the  leg  (fig. 
3,  p.  204)  was  slightly  less  after  pilocarpine  than  after  acetyl-cholin; 
that  of  the  dog's  penis  (one  experiment)  was  greater;  pilocarpine  caused 
a  greater  increase  in  the  outflow  of  the  submaxillary  ^and  than  did 
acetyl-cholin;  it  had  practically  no  effect  on  the  outflow  from  a  muscle 
when  acetyl-cholin  caused  a  slight  increase;  it  was  less  active  in  caus- 
ing an  increased  outflow  from  a  cutaneous  vein  of  the  upper  part  of 
the  leg  of  a  cat  (paw  removed)  than  was  acetyl-cholin.  The  last 
experiment  was  performed  to  determine  whether  the  expansion  of  the 
intact  limb  could  be  attributed  entirely  to  the  effect  of  pilocarpine 
upon  sweat  glands — production  of  "metabolites;"  the  fact  that  pilo- 
carpine dilated  the  skin  vessels  independently  of  those  of  the  paw  as 
well  as  the  dilatation  of  the  vessels  of  the  rabbit  ear  and  of  the  dog's 
[>enis  indicate  that  the  dilator  action  is  not  due  entirely  to  its  stimula- 
tion of  recogniKcd  secretory  processes.  On  the  other  hand  the  greater 
effect  of  pilocarpine  as  compared  with  that  of  acetyl-choHn  upon  the 
outflow  from  the  submaxillary  gland  (fig.  15,  p.  216)  suggests  that 
here  stimulation  of  secretion  may  be  an  important  factor  in  the  vaso- 
dilation; pilocarpine  is  a  much  more  powerful  stimulant  of  secretion 
than  is  acetyl-cholin. 

.Ah  to  other  effects  of  pilocarpine  upon  the  blood  pressure;  in  dc^, 
U-fon'  atropine,  the  fall  of  pressure  was  frequently  followed  by  a  rise; 
after  atropine  thert;  was  often  a  rise  of  pressure  in  cats,  dogs  and  rab- 
bits but  with  the  doses  employed  (which  seldom  exceeded  10  ragm.) 
the  rise  was  not  verj'  great  except  in  one  case  (dog)  in  which  10  mgm. 
caused  the  pressure  to  rise  .57  mm.  (from  75  to  132).  In  one  experi- 
riieat  (cat)  the  riHO  of  pressure  was  less  after  removal  of  the  adrenals. 
In  most  of  these  experiments  doses  of  pilocarpine  having  little  or  no 
effect  upon  the  heart  rate  were  employed.  How  httle  effect,  however, 
great  changes  in  the  heart  rate  may  have  upon  the  fall  of  blood  prrs- 
Hun-  from  the  same  dose  of  pilocarpine  was  strikingly  shown  in  an 
experiment  on  a  dog  (519):  the  vagi  were  in  a  condition  of  strong 
activity  from  which  the  heart  could  be  freed  by  cooling  the  vagi;  the 
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slow  rate  could  be  restored  by  stimulating  the  vagi  peripherally  to  the 
cooled  part:  the  fall  of  pressure  from  a  given  dose  of  pilocarpine  vras 
practically  the  same,  60  to  67  mm.  (from  130  or  134  to  63  or  70)  whetJier 
the  heart  rate  remained  the  same  (18  in  10  seconds)  or  whether  it, 
following  the  pilocarpine  injection,  increased  (from  21  to  39)  or  whether 
it  was  slowed  shghtly  (30  to  28).  The  percentile  fall  was  the  same 
before  and  after  clamping  the  auriculo-ventricular  bimdle  in  one  ex- 
periment (dog) ;  the  same  was  true  for  acetyi-cholin ;  in  both  cases  the 
fall  was  prevented  by  atropine. 

Colchicin£.  Dix<»i  and  Maiden  (62)  stated  that  after  colchicine 
"the  blood  pressure  falls  as  the  result  of  a  very  slight  cardiac  inhibit 
tion,  and  the  effect  is  not  obtained  on  the  atropinized  animal."  They 
publish  a  tracing  from  a  dog  showing  s  fall  of  blood  pressure  and  a 
contraction  followed  by  a  less  marked  expansion  of  the  hind  leg  of  a 
dog.  This  curve  is  very  like  the  curve  I  often  obtained  with  aeetyl- 
cholin  when  the  hindleg  of  an  animal  was  placed  in  a  plcthyamograph 
(see  fig.  1 ,  p.  234).  I  believe  the  diminution  of  volume  to  be  passive  and 
due  chiefly  to  a  vasodilator  reaction  occurring  in  other  vascular  ai'eae. 
For  when  the  foreleg  of  a  cat  was  placed  in  a  plethysmograph  and 
colchicine  injected  intravenously  there  was,  with  the  fall  of  blood  pres- 
sure, an  expansion  of  the  leg;  the  curves  obtained  were  practically 
identical  with  those  obtained  from  acetyi-cholin  and  pilocarpine  (see 
figs.  2  to  7  and  19  of  preceding  paper)  and  need  not  be  reproduced 
here.  Comparatively  large  doses  (5  to  10  mgin.)  were  necessary  to 
cause  a  marked  expansion;  smaller  doses  (1  mgni.,  for  example)  caused 
some  expansion  and  increased  the  size  of  the  pulse  waves,  another 
indication  of  vasodilation.  A  small  dose  (1  mgm.)  injected  periph- 
erally into  the  femoral  artery  caused  a  marked  expansion  of  the 
hindleg  with  no  change  in  the  blood  pressure.  The  fall  of  blood  pres- 
sure and  the  expansion  of  the  leg  were  prevented  by  a  small  dose  of 
atropine.  Thus  it  seems  that  colchicine  has  a  vasodilator  action  simi- 
lar to  that  of  acetyi-cholin  and  pilocarpine. 

The  first  effect  of  a  small  dose  of  physostigmine  was  a  slight  fall  of 
blood  pressure  and  an  expansion  of  the  foreleg;  this  was  followed  by  a 
rise  of  blood  pressure  and  a  contraction  of  the  leg.  These  effects  were 
prevented  by  atropine.  Physostigmine  thus  seems  to  have  a  vaso- 
dilator action  of  the  acotyl-chohn  tj'pe  but  this  is  generally  obscured 
by  other  more  important  actions. 

Histamin.  Histamin  (B-imazolylethylamin)  causes  a  fall  of  blood 
pressure  and  vasodilation  in  some  animals  the  exact  cause  of  which  is 
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in  Bome  doubt  (63),  (64),  (65).  I  do  not  find  experiments  recorded  in 
which  tluB  drug  was  given  after  atropine  and  it  seemed  possible  that 
the  vasodilation  was  similar  to  that  caused  by  acetyl-cholin  and  pilo- 
carpine. I  found,  however,  in  experiments  on  cats,  that  the  fall  of 
pressure  from  histamin  was  not  distinctly  affected  by  atropine;  fre- 
quently the  fall  of  pressure  was  the  same  after  doses  of  atropine  which 
abolished  the  fall  of  pressure  from  acetyl-cholin;  sometimes  the  abso- 
lute fall  was  less  but  the  percentile  fall  remained  the  same.  With  a 
lowered  blood  pressure,  after  atropine,  the  fall  might  be  less  but  the 
level  reached  remain  about  the  same;  if  the  blood  pressure  was  raised 
by  barium  chloride  the  histamin  fall  of  pressure  was  increased.  As 
already  noted  I  found,  as  had  Bai^r  and  Dale  (64)  a  dilatation  of  the 
cat's  leg  after  histamin;  this  was  not  as  great  as  that  caused  by  an 
amount  of  acetyl-cholin  causing  an  equal  fall  of  pressure  (fig.  8,  p.  208 
of  preceding  paper)  and  was  frequently  followed  by  a  slow  contraction. 
Histamin  caused  a  pronounced  diminution  of  the  volume  of  the  liver 
(fig.  20  of  preceding  paper,  p.  224);  it  was  not  determined  whether 
this  was  active  or  passive,  due  to  the  fall  of  blood  pressure. 

Mautner  &nd  Pick  (65)  state  that  there  is  in  the  liver  of  the  dog  and  cat,  either 
in  the  end  capillaries  of  the  portal  or  of  the  hepatic  vein  or  in  the  area  between 
these,  a  nervous  mechanism  which  responds  with  a  cramplike  contraction  to 
histamin;  this,  according  to  these  authors,  interferes  with  the  return  of  the 
venous  blood  to  the  heart  and  leads  to  the  fall  of  blood  pKBsure.  I  found,  how- 
ever, that  histamin  causes  a  greater  fall  of  pressure  (cat)  when  injected  into  a 
•apbena  vein  than  when  injected  into  a  branch  of  the  portal  vein;  also  that  large 
doaes  of  sodium  nitrite  or  acetyl-cholin  injected  into  a  branch  of  the  portal  vein 
were  without  effect  upon  the  histamin  fall  of  blood  pressure. 

Yohimbinr  caused  a  fall  of  blood  pressure  after  an  amount  of  atro- 
pine which  had  abolished  a  greater  fall  of  pressure  from  acetyl-cholin: 
whether  the  depressor  action  was  diminished  by  the  atropine  was  not 
clear,  for  both  the  atropine  and  yohimbine  caused  a  long  continued 
lowered  pressure  and  whereas  yohimbine  continued  to  cause  the  pres- 
sure to  fall  to  the  same  level,  or  lower,  both  the  absolute  and  percentile 
fall  were  less.  In  any  case  atropine  has  no  action  upon  the  yohimbine 
fall  of  pressure  at  all  comparable  to  its  action  upon  the  effects  of  acetyl- 
choUn  or  pilocarpine.  The  latter  was  also  true  of  curare:  curare  caused 
a  fall  of  pressure  after  atropine  but  atropine  diminished  the  fall  some- 
what. This  antagonistic  action  of  atropine  towards  curare  had  already 
been  more  carefully  studied  by  Sollmann  and  Pilcher  (66);  they  offer 
no  explanation  of  the  action. 
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Saline  injection  .  Probably  most  experimenters  are  familiar  with 
the  fall  of  pressure  which  the  intravenous  injection  of  a  small  amount 
(1  or  2  cc.)  of  normal  saline  sometimes  causes  in  certain  animals  but  1 
have  seen  no  discussion  of  it.  I  have  observed  this  effect  a  number  of 
times  in  cats  but  have  made  no  systematic  attempt  to  analyse  it;  the 
latter  may  prove  difficult  for,  in  my  experience,  the  effect  usually 
rapidly  diminishes  after  a  few  injections  and  then  can  no  longer  be 
obtained.  1  have  never  ob8er\-ed  this  fall  in  the  large  number  of 
experiments  in  which  atropine  had  been  injected;  if  it  should  be  shown 
that  atropine  really  does  abolish  the  effect  this  would  be  of  interest  at< 
suggesting  that  perhaps  the  same  mechanism  is  involved  as  in  the 
acetyl-cholin  reaction.  My  own  observations  on  this  point  are  of 
practically  no  value  for,  with  a  single  exception,  the  atropine  was  not 
injected  until  somewhat  late  in  the  experiment  when  the  action,  even 
if  it  had  been  present  at  all,  would  probably  have  spontaneously  ceaee<]. 
In  the  exceptional  experiment  to  which  reference  was  made  the  fall  of 
pressure  bad  been  obtained  ten  times  in  succcession  in  forty-five  min- 
utes and  there  was  almost  no  indication  that  it  was  diminishing;  about 
a  minute  after  the  last  injection  (1  cc.  of  a  0.9  per  cent  sodium  chloride 
solution,  which  caused  the  pressure  to  fall  from  107  to  80  mm.)  0.05 
mgm.  atropine  sulphate  was  injected;  the  next  injection  of  saline, 
made  two  and  a  half  minutes  later,  caused  only  a  very  slight  rise'  of 
pressure.  A  number  of  injections  of  saline  were  made  during  the  no\t 
forty-five  minutes  but  in  no  case  was  there  a  fall  of  pressure. 

This  saline  fall  of  blood  pressure  was  most  frequently  obtained  in 
curarized  cats  or  in  cats  anaesthetized  with  paraldehyde  (1.7  cc,  per 
K.);  it  occurred  in  animals  in  which  the  vagi,  also  in  some  in  which  the 
accelerators  had  been  cut;  it  occurred  not  only  with  0.9  per  cent  sodium 
chloride  solutions  but  with  Ringer's  solutions  of  different  formulas 
and  with  saline  solutions  freshly  made  with  double  glass  distilled 
water  and  the  purest  (Kahlbaum)  salts.  It  occurred  in  one  animal  in 
which  a  myocardiograph  was  attached  to  the  right  auricle;  there  was 
no  weakening  of  the  latter.  The  reaction  seemed  to  be  greater  in 
animals  especially  susceptible  to  acetyl-cholin;  and  also  in  those  in 
which  the  depressor  action  of  epinephrin  was  pronounced.  In  one 
case  the  fall,  which,  as  always,  wasof  brief  duration,  was  51.1  per  cent; 
usually  it  was  between  20  and  35  per  cent.  Nearly  all  of  the  injections 
were  made  into  a  saphena  vein ;  a  few  into  a  jugular.  There  was  nu 
change  in  the  heart  rate. 

It  is  not  improbable  that  this  saline  fall  of  pi-essure  is  analogous  to 
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the  (lushJngB  sometimes  seen  in  sensitive  individuals  after  intravenous 
injections  of  various  kinds  ("salvarsan,"  for  example);  possibly  small 
doses  of  atropine  would  be  found  to  bave  a  prophylactic  action. 

Compounds  related  to  choHn.  The  vasodilator  action  of  cbolin  itaelf 
has  been  the  subject  of  a  number  of  investigations;  among  the  moat 
important  of  these  were  those  of  Mott  and  HalUborton  (67),  who  found 
that  the  fall  of  pressure  caused  by  choUn  was  replaced  by  a  rise  when 
atropine  was  injected,  and  of  MOller  (68)  who  made  a  further  analysis 
of  the  action.  The  results  of  the  studies  with  cbolin  have  been  some- 
what contradictory  (see  (69),  (70))  owing  to  the  number  of,  often 
opposing,  factors  involved;  no  clear  conception  of  the  latter  was  pos- 
sible until  Dale's  (1)  work  on  the  nicotine-like  action  of  cholin  on 
sympathetic  ganglion  cells  but  this  does  not  clear  up  all  points  (e.g., 
the  peripheral  vasoconstriction  after  atropine  found  by  MtUler  and 
evidently  similar  to  that  I  have  found  with  acetyl-chotin,  and  the 
apparent  central  action — sympathetic  ganglion  cell  action? — described 
by  Pilcher  and  Sollmann  (71).  As  regards  the  vasodilator  action  of 
cholin:  this  has  been  less  thoroughly  investigated  than  that  of  acetyl- 
cholin  but  the  action  of  the  two  seems  to  be  qualitatively  the  same; 
as  regards  the  quantitative  results:  Taveau  and  I  in  1906  (72)  found, 
in  comparisons  on  the  same  animal,  the  acetyl  compound  to  be  about 
one  hundred  thousand  times  more  active  than  cholin  itself;  in  other 
experiments  the  difference  has  been  even  greater,  much  depending  upon 
the  anaesthesia  and  other  factors. 

I  investigated,  in  collaboration  with  Taveau,  seventy-nine  com- 
pounds derived  from  cholin  or  analogous  compounds  (42),  (72),  (73); 
later,  in  collaboration  with  Menge  (45),  <74),  (75),  (76),  I  made  a 
similar  study  of  about  twenty-five  derivatives  of  the  homocbf^ns. 
Dale  (1)  has  recently  studied  about  a  dozen  other  compounds  related 
to  this  series.  There  is,  therefore,  a  very  large  collection  of  data 
available  for  a  consideration  of  the  relation  between  the  chemical 
composition  and  physiological  action  in  this  series. 

While  a  detailed  consideration  of  this  subject  belonpi  in  a  publica- 
tion devoted  to  pharmacology  and  was  discussed  several  years  ago 
there  are  certain  features  which  have  a  physiological  interest.  One 
of  my  general  conclusions  was  that  "the  greatest  effects  upon  the 
blood  pressure  are  produced  by  those  compounds  which  depart  least 
from  the  choline  type — that  is,  by  those  compounds  containing  the 

nucleus  HOX^^„  ?;!,^       ;  all  changes  in  the   group   (('.Hi^n)i 
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or  ill  the  side  chain  (except  the  substitution  of  the  terminal  hydrogen 
&tom)  tended  to  diminish  the  effect  upon  the  blood  pressure  but  in- 
creased as  a  rule,  the  toxicity" — (there  are  exceptions  to  this  as  regards 
changes  in  the  side  chain);  and  further:  "the  greater  the  variation  of 
the  compounds  from  the  cholin  type,  the  less  effect  does  atropine  have 
in  preventing  a  fall  Of  blood  pressure."  These  general  principles  were 
illustrated  by  the  study  of  compounds  containing  ethyl,  propyl,  etc., 
groups  in  place  of  the  methyl  groups  of  cholin;  in  such  compounds  and 
their  acetyl  derivatives  the  acetyl-chotin  type  of  action  upon  the  blood 
pressure  was  absent  or  only  slightly  developed.  An  interesting  illus- 
tration of  the  influence  of  methyl  groups  was  seen  in  a  comparison  of 

the  effects  of  the  compounds  ^^^f^^HjOH  ^'^  CIN— C3u(i8o) ; 

\C  HiCHjOH 
the  former  apparently  had  none  of  the  blood  pressure  lowering  prop- 
erty of  acetyl-cholin  whereas  this  was  present,  but  to  a  less  extent 
tii&D  with  choUn  itself,  in  the  latter. 

It  is  interesting  to  note  in  this  connection  that  Launoy  (77)  found 
that  compounds  of  the  cholin  type  containing  three  methyl  groups 
were  far  more  active  in  stimulating  pancreatic  secretion  than  were 
analogous  compounds  containing  ethyl,  etc.,  groups. 

I  suggested  that  there  may  be  a  connection  between  the  low  toxicity 
of  the  cholin  derivatives,  as  compared  with  the  triethyl,  etc.,  com- 
pounds, and  their  great  physiological  activity  (when  the  H  of  the 
hydroxyl  is  substituted  by  appropriate  groups,  such  as  the  acetyl 
group)  and  "the  fact  that  cholin  is  a  constituent  of  probably  all  plant 
and  animal  cells;  these  may  have,  to  use  the  rather  crude  comparison 
of  a  mosaic  (a  figure  of  speech  used  by  Ehrlich,  one  of  the  pioneer 
investigators  in  this  field)  places  into  which  the  compounds  can  fit 
and  the  cells  themselves  containing  such  groups  are  not  injured  by  them 
as  they  would  be  by  new  and  unusual  groups;"*  and  further,  "the 
rdle  of  this  group  is  probably  to  carry  the  compounds  to  definite  cell 
structures  or,  to  use  the  comparison  of  Ehrlich,  to  make  them  fit  in  a 
oertain  mosaic;  then  the  groups  which  have  substituted  the  hydrogen 
atom  enable  the  entire  compound  to  exert  a  definite  action  (groups  of 
the  lower  fatty  series  to  depress  the  blood  pressure,  etc.)." 

I  also  stated  that  "when  this  configuration  is  maintained  it  is  pos- 

*  Joseph  (U)(t  Meltzer  (78),  foimd  that  the  toxicity  of  magDesium,  calcium, 
potaaaium,  and  sodium  ioos  varies  inversely  to  the  proportion  in  which  they 
occur  in  the  serum  of  the  animal. 
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sible  to  vary  the  intensity  and  character  of  action  upon  the  circulation 
within  extraordinarily  wide  limits  by  substituting  groups  in  the  place 
of  the  hydrogen  atom"  (of  the  hydroxy)).  I  illustrated  this  by  sub- 
stituting not  only  the  acetyl  but  a  lai^  number  of  other  acyl  groups 
and  found  that  the  homolt^uee  of  acetyl-cholin  (propionyl-cholin, 
etc.)  had  the  acetyl-cholin  type  of  action  upon  the  blood  pressure,  but 
that  "as  we  pass  up  the  series  from  the  acetyl  to  the  valeryl  compounds 
we  find  a  rapid  diminution  in  the  activity  of  these  compounds  in  caus- 
ing a  fall  of  blood  pressure"  and  an  increase  in  their  activity  in  other 
directions.  The  introduction  of  residues  of  the  aromatic  acids  caused 
a  still  further  departure  from  the  acetyl-choUn  type.  Dale  found  that 
some  of  the  simple  esters  and  ethers  of  cholin  had  the  acetyl-cholin 
type  of  action,  but  that  none  equalled  this  in  intensity. 

Another  point  of  perhaps  some  physiological  interest  is  the  method 
employed  to  obtain  a  compound  having  the  effect  of  acetyl-cholin  upon 
the  blood  preasure  but  one  with  a  more  prolonged  action  and  which 
would  be  sufficiently  stable  to  be  effective  in  small  doses  when  given 
by  mouth  or  injected  subcutaneously.  Taveau  and  I  had  noticed  that 
acetyl-cholin  is  not  very  stable,  undergoing  hydrolysis  somewhat 
readily,  an  observation  since  made  by  Ewins  (79)  and  Foumeau  and 
Page  (80)  and  the  physiological  importance  of  which  has  been  empha- 
sised by  Dale.  It  seemed  poasible  that  the  compound  might  be 
rendered  more  stable  by  the  substitution  of  certain  groups  in  the  side 
chain  without  destroying  its  physiological  activity;  it  was  these  con- 
siderations which  led  Menge  and  me  to  take  up  the  study  of  the  homo- 
cholins  with  the  result  that  Menge  prepared  the  previously  unknown 
o-methyl-cholin.  The  acetyl  derivative  of  this  compound  has  the 
physiological  properties  desired;  it  was  so  stable  that  a  single  subcu- 
taneous injection  of  a  few  tenths  of  a  milligram  would  keep  the  blood 
pressure  uniformly  lowered  to  one-half  for  hours.  This  low  pressure 
could  be  almost  instantly  released,  and  to  any  desired  extent,  by  the 
injection  of  atropine.  This  acetyl-o-methyl-cholin  underwent  hydroly- 
sis less  readily  than  did  acetyl-cholin  which  probably  accounts  for  its 
greater  activity  when  injected  subcutaneously  or  given  per  os.  On 
the  other  hand  certain  other  esters  the  chemical  constitution  of  which 
led  to  the  expectation  that  they  would  be  very  active  were  found  not 
to  be  so,  and  Menge  found  these  to  be  still  more  resistant  to  hydrolysis; 
thus  the  great  activity  of  acetyl-cholin  when  injected  intravenously 
seems  to  be  connected  with  its  instability.  (Many  interesting  rela- 
tions between  the  resistance  of  acetyl-cholin  and  some  other  esters  and 
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ethers  of  cholin  to  the  hydrolytic  action  of  the  blood,  and,  possibly,  to 
the  action  of  an  esterase,  and  the  action  of  these  compounds  upon 
various  organs  were  discussed  by  Dale). 

The  introduction  of  the  methyl  group  into  acetyl-cholin  caused  a 
similar  change  in  its  action  on  the  pupil:  whereas  acetyl-chohn  apphed 
to  the  cornea  had  no  effect  upon  the  pupil  and  even  when  injected 
intravenously  caused  but  a  brief  constriction,  acetyl-o-methyl-cholin 
appUed  to  the  coroea  caused  such  a  pronounced  constriction  as  to 
suggest  the  possibility  of  its  practical  use  as  a  miotic. 

5.    SUHHARY    AND    DtBCnsSION 

The  above  experiments,  and  those  of  the  preceding  paper,  show  that 
there  is  widely  distributed  in  at  least  certain  animals  a  vasodilator 
mechanism  which  has  not  hitherto  been  clearly  recognized  in  phyd- 
ology,  pharmacology  or  pathology;  the  outstanding  features  of  it  are 
(1)  its  abihty  to  respond,  with  great  energy,  to  a  limited  group  of 
compounds  of  the  cholin  type  and  to  pilocarpine  and  perhaps  a  few 
others;  (2)  that  this  action  is  prevented  by  atropine;  and  (3)  that  it 
apparently  is  not  connected  with  any  of  the  known  vasodilator  nerves. 
It  seems  appropriate  to  speak  of  a  "mechanism,"  for  different  blood 
vessels  react  unequally,  i.e.,  something  other  than  the  contractile 
elements  of  muscular  tissue  is  involved,  and  because  the  action  is  pre- 
vented by  atropine;  the  latter  reaction  is  usually  interpreted  as  indicat- 
ing the  presence  of  a  "nerve-ending"  or  of  a  "receptive  substance" 
i.e.,  some  kind  of  a  "mechanism." 

The  compound  to  which  this  vasodilator' mechanism  responds  most 
typically,  or  energetically,  acetyl-cholin,  has  been  taken  as  the  typical 
parasympathetic  nerve  stimulant;  Gaskell  (4)  speaks  of  the  "acetyl- 
cholin  group"  of  nerves  (although,  since  most  of  these  actions  had 
been  previously  discovered  in  connection  with  muscarine  the  term 
"muscarine  action"  is  more  appropriate).  As  has  been  shown,  espe- 
cially by  Dale,  the  action  of  this  group  "may  be  summarized,  with 
but  small  qualification,  as  a  reproduction  of  the  effects  of  stimulating 
nerves  belonging  to  the  cranial  and  sacral  divisions  of  the  involuntary 
(autonomic)  system."  As  pointed  out  by  Dale,  and  investigated  in 
more  detail  in  my  experiments,  these  compounds  cause  vasodilation 
not  only  in  areas  supplied  by  cranio-sacral  vasodilators  but  in  areas  in 
which  the  existence  of  such  nerves  is  anatomically  not  probable.  An 
equally  important  qualification   to  the  identification  of  the  acetyl- 
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cholin  vasodilator  effect  with  that  of  parasympathetic  nerve  is  the 
difference  in  the  effects,  in  the  two  cases,  of  atropine;  atropine  readily 
abdishes  the  vasodilator  action  of  acetyl-choUn  in  the  regions  of  pelvic 
and  chorda  tympani  nerve  innervation  whereas  it  has  no  effect  upon 
the  vasodilation  caused  by  stimulating  the  former  nerve  and  affects 
that  of  the  latter  only  in  very  large  doses.  For  the  same  reason  it  is 
impossible  to  identify  other  vasodilator  actions  of  acetyl-cholin  with 
that  of  the  action  of  other  parasympathetic  or  of  any  other  vasodilator 
nerves:  the  effect  of  the  drug  is  everywhere  prevented  by  atropine, 
whereas  that  of  nerve  stimulation  is  nowhere  so  affected. 

On  the  other  hand  the  anali^y  between  the  action  of  acetyl-choUn 
and  that  of  parasympathetic  nerve  stimulation  upon  so  many  oi^ons  is 
so  striking  that  one  is  tempted  to  think  of  the  vasodilator  mechanism 
upon  which  acetyl-cholin  acts  as  being  constituted  like  the  other  mech- 
anisms upon  which  it  and  the  parasympathetic  nerves  act.  It  might 
be  supposed  that  this  mechanism  has  developed  but  has  not  become 
connected  with  nerves  just  as  Dale  and  Laidlaw  (81)  suggested  might 
be  supposed  to  be  the  cose  with  the  uterus  (which  responds,  when  iso- 
lated, with  contraction  to  pilocarpine  and  also,  though  feebly,  to  acetyl- 
cholin  which  actions  ore  inhibited  by  atropine  altiiough  there  is  no 
evidence  that  this  organ  receives  a  parasympathetic  innervation). 
There  may  be  no  "need"  for  an  extension  of  the  parasympathetic 
nerves  to  the  blood  vessels  just  as  there  may  be  no  "need"  for  their 
extension  to  the  ventricle  of  the  mammalian  heart  although  this 
occurs  in  the  frog.  Especially  interesting  in  this  connection  is  the 
purely  negative  inotropic  action  upon  the  mammaUan  auricle  which 
can  be  obtained  with  acetyl-cholin;  the  extent  of  the  beat  may  be 
reduced  almost  to  the  vanishing  point  without  there  being  any  slowing. 
In  the  case  of  the  auricle  the  substance  upon  which  the  drug  acts  is 
connected  with  nerves,  whereas  the  similarly  constituted  subriance  in 
the  blood  vessels  seems  not  to  be  connected  with  nerves.  Possibly 
the  substance  in  the  blood  vessels  responds  to  the  stimulus  of  some 
unknown  hormone  whereas  that  in  the  auricle  is  utilized  for  the  more 
rapid  adjiistments  under  the  nervous  system.  Of  course  the  existence 
of  similar  mechanisms  not  intimately  connected  nith  nerves  is  not 
without  analogy;  one  instance  is  the  case  of  the  utbrus  cited  above, 
others  are  the  intestines  and  urinary  bladder:  these  are  stimulated  by 
pilocarpine  and  other  "parasympathetic  nerve  stimulants"  and  the 
action  of  these  is  prevented  by  atropin  whereas  the  effects  of  the  vagus 
and  pelvic  nerves  upon  these  organs,  although  the  same  as  that  of  the 
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drugs,  ai-e  not  greatly  modified  by  atropine.  There  are,  however,  very 
obvious  differences  between  the  two  cases;  the  known  vasodilator 
nerves  can  not  for  the  most  part  be  considered  analogous  to  the  v^us 
or  pelvic  nerves. 

Of  course  it  may  be  argued,  as  has  been  done  in  connection  with  the 
dilator  action  of  pilocarpine,  and  of  epinephrin  on  the  -salivary  glands, 
that  the  vasodilator  action  of  aeetyi-cholin  is  due  primarily  to  a  stimu- 
lation of  metabolism  and  that  the  dilatation  is  really  due  to  certain 
products  of  metabolism.  Such  an  argument  may  be  applied  with  some 
plausibiUty  to  the  dilator  effect  of  acetyl-cholin  upon  the  salivary 
glands  which  it  also  excites  to  increased  activity.  In  fact  a  compound 
analogous  to  acetyl-cholin  might  be  suggested  as  one  of  the  "  metabo- 
lites" found  by  stimulation  of  the  chorda  tympani  to  which  the 
"vasodilator"  action  of  this  nerve  has  been  attributed;  if  the  cholin  in 
the  blood  (50)  which  passes  through  the  salivary  glands,  or  possibly 
the  minute  amount  which  occurs  in  saliva,  were  present  in  the  gland 
in  the  form  of  some  of  its  esters  or  ethers  these  compounds  might 
account  for  at  least  a  part  of  the  vasodilation  following  chorda  tympani 
stimulation.  But  there  is  no  warrant  for  suggesting  that  most  of 
the  vasodilator  actions  of  acetyl-cholin  are  the  result  of  increased 
metabolic  activities. 

Gaskell  has  suggested  two  "reasons"  for  the  existence  of  vasodilator 
mechanisms:  one  to  bring  more  blood  to  an'  active  organ,  another  to 
regulate  the  blood  pressure  for  the  benefit  of  the  heart.  It  has  not 
been  possible  to  sho.v  that  the  acetyl-cholin  mechanism  serves  either 
of  these  functions;  no  evidence  of  any  kind  could  be  found  that  it  is 
involved  in  the  action  of  the  depressor  or  of  other  nerves  In  fact, 
so  far  as  ha^  be?n  determined,  the  mechanism  seems  as  useless  to  the 
body  as  the  host  of  receptors  for  various  toxins,  etc.,  postulated  by 
Ehrhch;  it  may,  however,  be  that  it  was  evolved  in  connection  with 
the  metabolism  of  one  of  the  constant  constituents  of  the  body,  cholin. 

The  fact,  however,  that  as  yet  no  "function"  can  be  ascribed  to 
this  vasodilator  mechanism  does  not  preclude  the  possibility  that  it 
may  be  utilised  for  therapeutic  purposes  on  the  one  hand  and,  on  the 
other,  that  it  may  be  involved  in  pathological  processes.  It  is  generally^ 
beUeved  that  the  body  possesses,  in  the  depressor  nerve  and  its  con- 
nections, a  remarkable  arrangement  for  the  protection  of  the  heart 
although  it  has  never  been  satisfactorily  shown  how  or  when  this  may 
be  called  into  activity;  no  suggestion  has  been  made  as  to  how  any  use 
of  it  for  therapeutic  purposes  could  be  made.    By  the  injection  of 
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some  of  the  cholm,  and  especially  of  the  homocholin  derivatives  it  is 
possible  to  control  the  blood  pressure  of  an  animal  as  effectively  as  by 
stimulation  of  the  depressor  nerve;  possibly  they  may  be  found  of 
therapeutic  value  not  only  in  relation  to  general  blood  pressure  but 
also  in  connection  with  local  spasmodic  contraction  of  blood  vessels. 
Whether  this  mechanism  is  involved  in  any  pathological  conditions 
is  also  imknown.  It  is  conceivable  that  it  is  maintained  in  a  condi- 
tion of  continued  activity  by  products  of  metabolism  and  that  its 
failure  may  be  involved  in  some  of  the  unexplained  cases  of  hyper- 
tension. The  fact  that  atropine,  which  prevents  the  action  of  cholin 
compounds  upon  the  blood  vessels  does  not  ordinarily,  unless  perhaps, 
when  the  vagi  are  in  a  condition  of  great  activity,  cause  a  rise  of  blood 
pressure  does  not  necessarily  show  that  this  mechanism  is  not  in  a 
condition  of  continued  activity ;  atropine  itself  has  a  dilator  action  upon 
blood  vessels  (Hr.  2,  p.  242;  also  fig.  10,  p.  212  of  preceding  paper) 
and  moreover  there  are  many  compensating  factors  tending  to  main- 
tain a  normal  blood  pressure.  On  the  other  hand  it  may  be  that  in 
some  of  the  obscure  pathological  conditions  in  which  atropine  has 
been  reported  to  be  of  value  there  is  an  abnormal  activity  of  this 
mechanism. 

*  CONCLUSIONS 

The  mechanism  involved  in  the  vasodilator  action  of  acetyl-cholin 
and  related  bo<lie8  is  different  from  that  involved  in  the  action  of  any 
of  the  nerves  (posterior  root,  parasympathetic  and  sympathetic)  to 
which  vasodilator  functions  have  been  attributed.  It  is  also  different 
from  that  involve<l  in  the  depressor  action  of  epin^hrin. 

This  mechanism,  although  capable  of  more  energetic  response  than 
any  hitherto  described,  is  not  involve<]  in  the  action  of  the  depressor 
or  of  other  afferent  nerves  causing  a  fall  of  blood  pressure. 

The  only  substances  found  having  the  same  type  of  vasodilator 
action  as  acetyl-cholin  were  a  limited  number  of  compounds  derived 
from,  or  closely  related  to  cholin  and  pilocarpine  and  colchicine. 

Atropine  and  closely  related  sut>stances  were  the  only  compounds 
found  having  a  pronounced  antagonistic  action  to  the  vasodilator 
action  of  acetyl-cholin.  Pilocarpine  diminished  the  action  slightly. 
Physostigmine  intensified  all  of  the  .actions  of  acetyl-cholin. 
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Our  experimente  were  made  on  ten  cats,  f^rly  in  1016,  the 
central  end  of  the  anterior  root  of  the  phrenic  was  sutured  by  a  single 
stiteh  end  to  end  to  the  cephalic  end  of  the  cervical  sympathetic.  One 
of  the  animab  died  one  week  after  the  operation  from  pneumonia, 
another  one  month  after  the  operation  from  the  common  epidemic 
ttisease  characterized  by  "snufHes,"  cough,  sneezing,  poor  appetite, 
progressive  emaciation  and  falling  hair,  which  was  prevalent  at  the 
time  among  our  stock  cats.  Two  of  the  cats  were  killed  eight  months 
after  the  operation  on  account  of  the  same  disease.  One  was  lost 
after  five  months.  The  remaining  five  cats  were  in  excellent  health 
at  the  time  they  were  killed  (eight,  eight  and  one<half,  nine,  eleven 
and  one-half  and  twenty-one  and  one-half  months,  respectively,  after 
the  operation).  Before  the  animals  were  sacrificed,  the  condition  of 
the  nerves  above  and  below  the  site  of  the  anastomosis  was  carefully 
tested  by  electrical  stimulation.  In  all  the  ten  animals  systematic 
and  frequent  observations  were  made  from  the  time  of  operation.  In 
the  eight  which  were  kept  for  several  months,  the  pupil  on  the  operated 
Hide  had  regained  equality  with  its  fellow  and  the  nictitating  membrane 
was  retracted  to  the  same  extent.  One  of  the  protocols  is  reproduced 
as  a  sample  in  condensetl  form. 

Condented  protocol,  cat  S,  adult,  female 

JoHuary  t9,  I8JA.  I*hrenic-«ynip»thetic  anaatomoaia  mad*  on  left  aide.  Be- 
tween January  30,  1916  and  November  17,  1917.  when  the  animal  was  aacrificed, 
obcervationa  were  made  frequently  during  the  first  year  and  at  leaa  frequent 
intervals  durinR  the  real  of  the  period.  Within  the  Rnt  two  or  three  months  the 
contracted  pupil  on  the  operated  side  gradually  became  more  like  the  pupil  oa 
the  right  (unopersted)  side,  equality  being  finally  eatabliahed  and  maintained 
until  the  animal  was  killed.  Reaeliona  to  light  and  accommodation  were  equal 
in  both  eyea.  At  no  time  was  respiratory  hippus  observed.  Both  eyea  re- 
Bponded  simultaDeously  and  to  the  same  extent  to  such  alimuli  aa  psychical 
disturbanrea.  No  evidence  of  any  abnormal  condition  waa  at  any  lime  present. 
The  cat  became  somewhat  of  a  laboratory  pet,  feeding  well  and  maintaining  an 
excellent  nutritional  state.  On  March  12,  1916,  ahe  gave  birth  to  five  normal 
kittena.  They  were  reared  in  and  rengained  a  long  time  about  the  laboratory. 
Towards  the  end  of  June,  1916,  (he  animal  again  became  pregnant;  normal 
parturition. 

Sottmber  (7,  1917.  pupils  equal,  react  equally  to  light,  no  change  with  res- 
piration. Changea  in  the  site  of  the  left  pupil  arc  always  accompanied  by  aimi- 
lar  changes  in  the  right.  Anesthetiied  with  ether — the  pupils  remain  equal;  the 
left  nictitating  appears  alightly  more  forward  than  the  right.  The  pupils  react 
equally  to  light,  as  before  the  anesthetic.  No  respiratory  hippua.  DiasecWd 
down  to  the  site  of  the  snastomosia,'  found  neuroma  uniting  the  anterior  root  of 
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the  phrenic  with  the  cephaJic  end  of  the  cervical  sympathetic.    The  identity  of 
the  nerrea  was  verified  at    autopsy.    The    various  aerves  above    and  below 


R^SUU^  OF  RESULTS 

ere  any  symptoms  resembling  those  of 
[n  several  it  was  proved  by  electrical 
inion  had  occurred  between  the  phrenic 
;ervical  ganglion  innervating  the  iris  and 
t  was  shown  in  several  of  the  cats  that  a 

been  exerted  through  the  phrenic  on  the 
^his  follows  from  the  fact  that  in  animals 
by  electrical  stimulation  that  the  phrenic 
1,  while  the  sympathetic  below  the  neu- 

the  two  sides  were  equal.  In  the  cat 
i^est,  it  Was  proved  directly  by  nerve 
exerting  a  tonic  dilator  effect,  for  when 
ral  to  the  neuroma  was  divided  the  pupil 

than  the  other  and  remained  smaller, 
t  of  stimulation  of  sensory  nerves  (central 
I  was  noted.  Dilatation  occurred  on  the 
le  as  on  the  normal  side  and  in  the  same 
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degi'ee.  In  none  of  the  animals  was  respiratory  hippus  seen  although 
carefully  and  repeatedly  looked  for.  If  the  dilator  innervation  is  due 
to  impulses  from  the  respiratory  center,  there  does  not  seem  to  be 
any  obvious  reason  why  a  rhythmical  change  synchronous  with  the 
respiration  should  not  be  present.  We  can  only  state  that  it  was  not 
seen  in  any  of  our  cats.  ExophthMmos  did  not  develop  in  anyof  the 
animals.  The  thyroids  were  always  approximately  equal  on  the  two 
sides  and  of  the  same  color  on  gross  examination.  Histologically  no 
difference  was  observed  between  the  thyroid  on  the  operated  and  that 
on  the  normal  side.  Variations  in  the  weight  of  the  adrenals  were 
within  the  normal  range. 
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In  a  paper  recently  publiahed  Sherrington  (1)  summaiizcs  our  knowl- 
edge concerning  tonus,  both  of  smooth  and  of  striated  muscle.  He 
points  out  that  the  definitions  of  tonus  heretofore  advanced  are  unsatis- 
factory inasmuch  as  some  are  ambiguous  while  othei-a  serve  only  to 
account  for  certain  phases  of  muscular  activity. 

The  muscle  fiber,  he  believes,  is  not  to  be  regarded  as  an  elastic 
string  for  it  has  the  property  of  exhibiting  different  lengths  while 
exhibiting  one  and  the  same  degree  of  tension. 

Uiutriated'  muscle,  like  skeletal  muscle,  evidently  functions  for  two  main 
purposes  which  in  some  ways  it  is  possible  and  desirable  to  coiksider  apart.  Of 
these  one  is  the  performance  of  movements  which  overcome  resistance  by  the 
development  of  tension;  the  other  is  the  adjustment  of  contractile  length  with- 
out necessarily  any  alteration  of  mechanical  tension. 

Visceral  tonus,  in  this  sense,  connotes  "postural  activity." 

The  invest^ations  reported  in  this  paper  were  undertaken  with  the 
idea  of  studying,  in  niore  or  less  detail,  the  postural  activity  of  the 
gastiic  musculature. 

Moaso  and  Pellacain  (2)  were  among  the  first  to  observe  that  the 
internal  pressure  of  the  bladder  in  man  and  in  the  dog  might  be  prac- 
tically zero  when  the  viscus  was  empty  and  when  it  was  full.  On  the 
other  hand,  a  considerable  degree  of  pressure  might  develop  in  the 
presence  of  only  a  small  amount  of  fluid. 

Somewhat  similar  observations  were  subsequently  made  on  the 
stomach  by  Miiller  (3),  Moritz  (4),  Kelling  (5)  and  Sick  and  Tedesko 
(6).  MuUer  found  that  in  rabbits  the  intragastric  pi-esaure  remained 
constant  during  the  period  in  which  the  chyme  passed  through  the 
pylorus  into  the  small  intestine.  And  in  man  Moritz  noted  no  appre- 
ciable changes  in  pressure  during  the  period  of  gastric  digestion. 

In  the  course  of  some  investigations  concerning  the  state  of  tension 


d  by  Google 


POSTURAL    ACTIVITY   OF  STOMACH  273 

of  the  abdominal,  the  gastric  and  the  intestinal  walls  Kelling  found 
that  within  certain  limits  the  intragastric  pressure  remained  unaffected 
by  the  quantity  of  fluid  within  the  viscus.  The  adnuoiatration  of 
morphine,  chloral,  chloroform  or  large  quantities  of  ether,  however, 
partially  or  completely  inhibited  the  activity  of  the  mechanism  re- 
sponsible for  this  compensation.  Light  narcotization  with  ether,  on 
the  other  band,  did  not  appear  to  interfere  with  the  reaction.  Kelling 
concluded  that  the  tonus  of  the  stomach  is  an  expression  of  the  activity 
of  the  intrinsic  nervous  mechanism  and  that  it  is  more  or  less  inde- 
pendent  of  the  central  neryous  system. 

Sick  and  Tedesko  observed  that  the  gradual  filling  of  a  cat's  stom- 
ach was  not  accompanied  by  any  rise  in  internal  pressure.  The  stom- 
ach, they  thought,  might  be  compared  to  the  heart,  the  fundus  resem- 
bling the  auricles  and  the  pyloric  part  the  ventricles.  The  active 
relaxation  of  the  musculature  of  the  fundus  which  accompanies  the 
entrance  of  food  into  the  stomach  Sick  (7)  regarded  as  the  active 
<lia8tole  of  the  viscus. 

While  a  number  of  investigators  have  thus  noted  the  ability  of  the 
stomach  to  accommodate  its  capacity  to  a  given  load  without  exhibit- 
ing any  appreciable  rise  in  intragastric  pressure,  none  of  them  appear 
to  have  regarded  this  form  of  receptive  relaxation  as  an  actual  expres* 
sion  of  reflex  tonus,  i.e.,  postural  activity  (Sherrington).  The  pre- 
vailing view  seems  to  have  been  rather  that  this  response  on  the  part 
of  the  stomach  is  brought  about  by  a  lowering  of  the  level  of  gastric 
tpnus,  meaning  by  tonus  a  state  of  tension  in  the  gastric  musculature. 
Sick,  for  example,  adopting  the  hypothesis  of  v.  UexkUIl  held  that  the 
distension  of  smooth  muscle  rests  upon  a  compromise  between  the 
condition  of  excitation  of  the  muscle  and  the  load.  A  persisting  con- 
dition of  excitation  (Erregungszustand)  in  the  muscle  v.  UexktiU  (8) 
termed  tonus. 

UETHODS 

Itoth  rabbits  and  cats  were  used  in  the  course  of  the  experiments. 
In  order  to  foHow  the  changes  in  the  postural  configuration  of  the 
stomach  the  empty  viscus  was  slowly  filled  with  warm  physiological 
saline  solution.  The  fluctuations  in  the  intragastric  pressure  were 
taken  as  an  index  of  the  adjustment  of  the  smooth  muscle  to  its  new 
conditions. 

When  the  observations  were  conducted  on  living  animab  a  tube  was 
introduced  into  the  pyloric  end  of  the  stomach.     This  was  connected 
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by  means  of  a  two-way  stopcock  with  a  chlorofonn  manometer  and  a 
reservoir  of  salt  solution.  The  latter  was  so  arrani;^  that  it  could 
readily  be  elevated  or  lowered  to  any  desired  Itvel,  After  closing  the 
oesophaKus  with  a  ligature  the  body  of  the  animal  was  submenu  in 
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Durinfc  the  preparation  of  the  animal  care  was  exercised  to  prevent 
the  entrance  of  air  into  the  stomach.  A  few  centimeters  of  fluid  were 
pernitted  to  flow  into  the  viscus.  By  adjusting  the  manometer  the 
intragastric  pressure  was  brought  to  zero.  The  experiment  was  then 
started. 

The  part  played  by  the  abdominal  wall  in  these  experiments  is 
naturally  not  a  negligible  one.  Even  though  the  gastric  musculature 
exhibits  a  compensatory  relaxation  with  each  addition  of  fluid  the 
intragastric  pressure  must  rise  unless  there  is  a  compensatory  increase 
in  the  capacity  of  the  abdominal  cavity.  Such  changes  in  the  abdom- 
inal musculature  have  recently  been  demonstrated  by  Pike  and  Cootebs 
(9).  They  believe  that  their  experiments  show  that  the  regulation 
of  the  length  of  the  ab<lominal  muscles  corresponding  to  the  increase  in 
volume  of  the  contents  of  the  abdominal  cavity  is  a  reflex  process 
which  falls  into  line  with  the  other  known  instances  of  postural  activity 
of  muscle  and  nerve. 

Care  was  exercised  in  the  experiments  conducted  with  the  abdomen 
closed  not  to  interfere  with  this  reflex.  In  each  instance,  moreover, 
the  experiment  was  repeated  on  another  animal  in  which  the  abdominal 
wall  had  been  widely  opened  in  the  saline  bath. 

RESULTS    AND    DISCUSSION 

Xormal  postural  aciivily.  Figure  I  gives  a  graphic  record  of  the 
postural  adaptation  of  the  stomach  of  the  rabbit  to  slow  increments  in 
the  volume  of  its  contents.  In  the  experiments  represented  by  curves 
.4  and  B,  2.5  cc.  of  saline  solution  were  allowed  to  enter  each  stonlach 
every  two  and  one-half  minutes  until  the  viscus  ruptured.  Curve  A 
shows  a  rather  marked  fluctuation  in  the  degree  of  intragastric  pres- 
sure up  to  near  the  conclusion  of  the  experiment.  This  was  probably 
due,  in  part  at  least,  to  peristaltic  contractions — the  animals  had  been 
starved  for  two  days. 

The  striking  feature  of  curve  .4,  however,  is  the  low  average  pressure 
which  was  maintained  throughout  the  greater  part  of  the  experiment. 
The  intragastric  pressure  only  rose  abruptly  shortly  l>efore  the  organ 
ruptured.  In  contrast  to  this,  curve  B  is  shown.  It  represents  t4te 
changes  in  pressure  which  occurred  in  an  excised  stomach. 

The  changes  observed  in  the  course  of  approximately  similar  expeti- 
ments  conducted  on  cats  are  pictured  in  curves  .4  and  B,  figure  2  and 
curve  .4,  figure  3. 
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Id  certain  experiments  fluid  was  withdrawn  and  re-introduced 
aeveral  times  in  succeesion.  As  compared  with  the  level  of  intragaa- 
trie  pressure  noted  during  the  course  of  the  primary  filling,  the  levels 
during  the  second  and  third  fillings  were  somewhat  higher  in  acme 
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effects  of  pertBtaUis;  at  other  times  a  temporary  drop  took  place,  the 
exact  explanation  of  which  remained  obscure  though  it  suggested 
certain  experiments  of  Rogers  and  Hardt  (10)  in  which  they  observed 
that  both  in  man  and  in  the  dog  the  fundic  end  of  the  stomach,  during 
normal  digestion,  exhibited  a  slow  tonus  rhythm. 

These  results  are  in  no  way  conflicting  with  our  knowledge  of  the 
physiology  of  the  gastric  musculature.  Cannon  (11)  has  shown  that 
"gastric  peristalsis  is  augmented  or  weakened,  is  caused  to  ttppear  or 
disappear  as  the  tension  on  the  contents  is  increased  or  decreased." 
And  Alvarez  (12)  who  places  the  seat  of  origin  of  the  waves  at  a  higher 
level  in  the  stomach  (cardia)  believes  that  they  may  deepen  into 
appreciable  peristalsis  at  the  place  where  the  conditions  defined  by 
Cannon  are  right.  It  seems  that  a  certain  low  level  of  intragastric 
pressure  is  essential  to  the  motiUty  of  the  stomach. 

These  conditions,  then,  serve  to  explain  why  the  postural  relaxation 
of  the  stomach  seldom  appears  to  be  complete.  A  certain  low  degree 
of  tension — dependent, -in  part  at  least,  upon  the  volume  of  the 
contents — prevails  so  long  as  the  viscus  functions  in  the  process  of 
digestion. 

Kelling  (5)  noted  that  time  is  an  essential  factor  in  what  he  termed 
the  regulation  of  the  intragastric  tension.  When  the  viscus  was 
rapidly  filled  there  was  comparatively  little  compensatory  relaxation  of. 
the  walls.  Curve  D,  figure  2,  pictures  the  range  of  intragastric  pres- 
sure observed  subsequent  to  the  sudden  introduction  of  150  cc.  of 
saline  solution  into  the  empty  stomach  of  a  cat.  During  the  course 
of  the  first  five  minutes  there  was  a  progressive  rise  of  pressure  up  to 
42  mm.  of  chloroform,  a  level  which  is  almost  half  again  as  high  as 
that  observed  after  the  gradual  introduction  (one-half  hour)  of  the 
same  quantity  of  fluid  (curve  A,  fig.  2).  Following  this  point  the 
preaaure  viery  slowly  sank  to  28  mm. 

SpUmcknica  and  vofp.  Carlson  (13)  has  shown  that  section  of  the 
splanchnic  nerves  increases  gastric  tonus  and  augments  hunger  con- 
tractions. Section  of  both  the  splanchnics  and  the  vagi,  on  the  other 
band,  leads  to  a  permanent  hypotonus,  except  under  conditions  of 
prolonged  starvation.  Gastric  hunger  contractions,  nevertheless,  do 
persist  after  isolation  of  the  stomach  from  the  central  nervous 
system. 

In  cats  Cannon  (II)  found  that  cutting  the  vagi  caused  a  temporary 
loss  of  tonus  and  an  absence  or  marked  weakness  of  peristalsis.  He 
concludes  that. 
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their  function  is  solely  to  set  the  gastric  muscles  in  a  tonic  state,  to  make  them 
exert  a  tension,  so  that  they  are  as  if  stretched  by  the  contents,  and  the  result  of 
this  condition  is  peristalsis. 


Pig.  2.  A.  Curve  of  intragastric  pressure  in  a  living  cat;  5  cc.  added  every 
Abdomen  closed.    Ji.  Cat.     Living.    Abdomen  open  in  physioEogicftI 


saline  solution 
closed.    -Splanchnic  ne 
ing.    Abdomen  open  ii 
Abdomen  closed.    >Sph 
F.  Cat.     Living.    Abd 

Icc.O 


added  every  minute.    C.  Cat.    Living.    Abdomen 
!H  divided;  5  cc.  added  every  minute.     D.  Cat.     Liv- 
dt  solution;  150  cc.  added  at  once.     E.  Cat.     Living. 
'hnics   and   vagi   divided;  5  cc.   added  every   minute. 
len  open   in   salt  solution.     Splanchnics  and  vagi  di- 
H.  Cat.     Living.      Abdomen    closed.      Splanehnics    and    vagi   divided. 
0.1  per  cent  solution  of  nicotine  info  jugular  vein.     /.  Cat.     Living.     Abdo- 
open.    Vagi  divided. 
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KellinR  (5)  likewise  concludes  from  his  experiments  that  the  vagi 
exert  a  very  decided  influence  upon  the  tension  of  tbe  gastric  muscu- 
lature. His  results,  however,  were  somewhat  variable.  He  found 
that  bilateral  section  might  show  no  effect  on  the  total  tension  of  the 
viscus;  again  it  might  cause  some  decrease  of  tone,  or  it  might  raise  it. 
Unilateral  section  (left)  caused  an  increase  of  tonus  which  disappeared 
when  the  other  vagus  was  cut.  But  these  findings  were  not  always 
the  same. 

Curve  C,  figure  2,  affords  a  picture  of  the  effects  of  bilateral  section 
of  the  aplanchnics  on  the  postural  activity  of  the  stomach.  The  ab- 
sence of  the  high  tension  which  characterized  the  behavior  of  the 
excised  stomach  (curve  ^,  fig.  3)  pointed  to  the  adaptation  of  the  mus- 
culature to  its  burden.  On  comparing  it  with  curve  A,  figure  2,  it 
becomes  evident  that  subsequent  to  the  division  of  the  nerves  the 
pressure  continued  slightly  more  elevated  throughout  the  entire  period 
of  ol>servation.  The  fluctuations  in  pressure  were  due,  in  greater 
part  at  least,  to  exaggerated  peristalsis. 

The  effects  observed  after  section  of  one  and  of  both  vagi  varied 
greatly  from  animal  to  animal.  In  the  experiments  represented  by 
curves  /,  figure  2,  and  F,  figure  4,  the  two  vagi  alone  were  divided; 
in  those  represented  by  curves  E,  F  and  G,  figure  2,  the  splanchnics 
were  .also  transected.  From  these  curves  it  is  apparent  that  the  loss 
of  the  vagi  results  in  no  consistent  change  in  the  behavior  of  the  mus- 
culature, so  far  as  the  postural  activity  of  tbe  organ  is  concerned. 
While  the  tension  of  the  wall  is  observed  to  fall  in  certain  instances 
(curves  A',  /',  0,  fiR.  2),  in  others  it  rises  to  a  level  somewhat  higher 
than  that  observed  in  the  intact  stomach  (curve  /,  fig.  2).  The  fall 
in  intragastric  pressure,  when  it  occurred,  diti  not  take  place  immedi- 
ately sulwequent  to  the  section  of  the  nerves.  It  appeared  only  as 
fluid  was  introduced  into  the  stomach,  during  the  process  of  aecom- 
modation  in  the  musculature  of  the  wall.  The  behavior  of  the  wall 
here  was  very  different  from  that  of  an  inert,  elastic  body. 

The  development  of  a  negabive  pressure  in  these  experiments  is 
explicable  on  mechanical  grounds.  In  the  course  of  the  readjustment 
accompanying  each  increase  in  load,  the  absence  of  the  pressor  nerve 
fibers  led  to  an  exaggerated  relaxation  of  the  musculature,  and  this 
sufficed  to  lower  the  level  of  atmospheric  pressure  established  at  the 
outaet  of  the  observations.  This  of  course  does  not  imply  that  a 
negative  pressure  may  develop  in  the  stomach  of  an  otherwise  intact 
animal  when  the  extrinsic  nerves  are  sectioned,  since  normally  there 
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exists  a  positive  intragastric  pressure.  It  simply  illustrates  how  the 
degree  of  tension  of  the  gastric  wall,  which  characterizes  the  activify 
of  the  intrinsic  nervous  mechanism,  may  be  influenced  by  means  of  its 
extrinsic  nerve  supply.  Pressure  changes  of  this  character  may  be 
studied  by  means  of  a  simple  apparatus  constructed  from  glassware 
and  rubber  dam.  These  changes  in  intragastric  pressure,  of  course, 
arc  something  distinct  from  the  postural  activity  of  the  musculature. 

The  explanation  of  the  differences  in  reactioD  among  the  animals 
is  not  clear.  The  findings,  however,  which  are  more  or  less  consistent 
with  those  obtained  by  Kelling,  serve  to  indicate  that  just  as  the  essen- 
tial characteristics  oJf  the  hunger  contractions  of  the  empty  stomach 
are  determined  by  the  local  gastric  motor  mechanism  rather  than  by 
the  character  of  the  central  innervation  {Carlson  (13)  ),  so  the  essen- 
tial characteristics  of  postural  activity  are  determined  by  the  local 
neuro-muscular  mechanism. 

Cannon  and  Lieb  (14)  have  shown  that  the  inhibition  which  follows 
deglutition  and  leads  to  the  receptive  relaxation  of  the  stomach  is 
produced  by  way  of  the  vagus  nerves.  From  the  considerations  given 
above  it  is  clear  that  a  receptive  relaxation  may  also  take  place  in 
the  absence  of  any  extrinsic  nerve  supply. 

Intrinsic  nervous  mechamsm.  In  the  course  of  their  work  on  the 
law  of  the  intestine  Baylies  and  Starling  (15)  found  that  both  the  local 
use  of  cocain  and  the  intravenous  administration  of  nicotine  caused 
the  true  peristaltic  movements  to  cease.  The  pendulum  movements 
however  persisted.  This  led  them  to  believe  that  by  the  use  of  these 
drugs  one  might  bring  about  a  paralysis  of  the  local  nerve  ganglia. 

This  conclusion  has  since  been  disputed,  particularly  by  Magnus 
(16).  The  fact,  however,  as  Gunn  and  Underbill  (17)  have  pointed 
out,  that  the  isolated  intestine  may  continue  to  beat  rhythmically  in  a 
solution  of  nicotine  J  to  1000  would  suggest  either  that  those  Oiovements 
are  independent  of  nerve  ganglia  or  that  these  ganglia  are  unusually 
resistant  to  niootine. 

Curve  C,  figure  3,  furnishes  a  graphic  record  of  the  changes  in  intra- 
gastric pressure  which  were  observed  in  an  experiment  in  which  the 
external  surface  of  the  stomach  was  painted  with  a  2.5  per  cent  solution 
of  cocain.  On  comparing  it  with  curve  A,  figure  2,  (representing  the 
reaction  of  a  normal  Stomach)  it  became  evident  that  the  application 
of  the  drug  led  to  a  moderate  increase  in  the  tension  of  the  gastric 
wall.  This  may  have  resulted  from  the  local  stimulating  effects  of  the 
dnig. 
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C'urves  H,  figure  2,  and  D,  figure  3,  illustrate  the  changes  in  intra- 
.giistric  pressure  observed  following  the  intravenous  injection  of  a 
large  dose  of  nicotine  (1  cc.  of  a  0.1  per  cent  solution  into  the  jugular 
vein.)  In  one  experiment,  subsequent  to  the  division  of  the  vagi  and 
splanchnics,  the  stomach  was  slowly  filled  with  saline  solution.  Curve 
E,  figure  2,  furnishes  a  record  of  the  changes  in  pressure  noted  during 
this  period  of  the  observations.  The  stomach  was  then  emptied. 
After  an  interval  of  rest  nicotine  was  injected  intravenously  and  the 


Fig.  3.  A.  Curve  of  iiitraf(a«tric  pressure  in  an  excised  stomach  (cat)  in  salt 
solution;  5  cc.  added  every  minute.  B.  Cat.  Living.  .-Vbdomen  open.  Pilo- 
carpia  ,i,  grain.  C.  Cat.  Living.  Abdomen  closed.  Stomach  rapidly  painted 
with  2.5  per  cent  cocain  solution.  D.  Cat.  Living,  .\bdomen  open.  Splanch- 
nics and  vagi  divided;  1  cc.  0.1  per  cent  solution  of  nicotine  into  jugular  vein. 
P.  Cat.    Liviog.    Abdomen  open.    .Atropin  ,U  grain  in  two  doses. 

filling  process  repeated.     Ciirve  H,  figure  2,  depicts  the  changes  occur- 
ring in  this  half  of  the  experiment. 

The  striking  dilTerence  in  the  behavior  of  the  muscle  libers  in  the 
two  instances  would  appear  to  indicate  that  the  drug  had  affected 
either  the  intrinsic  nervous  mechanism  or  the  muscle  cells  directly. 
The  fact,  however,  that  the  isolated  intestine  may  continue  to  beat 
rhythmically  in  a  solution  of  nicotine  suggests  that  the  latter  possi- 
bility is  the  less  likely. 
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The  results  from  another  experiment  (not  illustrated  by  a  curve) 
alao  point  toward  the  importance  of  Auerbach'e  plexus  in  the  postural 
activity  of  the  stomach.  In  this  case  the  viscus  was  excised  while  the 
animal  was  in  the  primary  stage  of  ether  anaesthesia  and  placed  im- 
mediately in  oxygenated  Locke's  solution  at  38''C.  where  it  was  kept 
throughout  the  period  of  filling.  A  curve  plotted  from  the  series  of 
pressures  observed  corresponded  closely  to  curve  A,  figure  3;  that  is, 
it  showed  an  absence  of  the  delicate  adjustment  of  the  musculature  to 
its  load  which  was  noted  in  the  normal  stomach. 

Gunn  and  Underhill  (17)  have  demonstrated  that  strips  of  gastric 
musculature  may  continue  to  beat  rhythmically  for  hours  at  a  time 
imder  conditions  of  temperature  and  nutrition  similar  to  these;  and 
this  occurs  when  the  ganglia  have  been  completelj-  removed  from  the 
strips.  The  muscle  cells  of  the  gastric  wall,  in  the  presence  of  the 
necessary  salts  and  oxygen,  accordingly,  may  function  independently 
of  nervous  influences.  It  seems  fair  to  assume,  then,  that  the  imper- 
fect relaxation  of  the  walls  in  the  experiment  cited  above  was  due,  in 
part  at  least,  to  changes  in  the  intrinsic  nervous  mechanism. 

Curve  A,  figure  3,  represents  the  effects  on  intragastric  pressure  of 
excising  the  stomach  and  keeping  it  in  physiological  saline  solution 
at  38°C.  throughout  the  period  of  the  experiment.  In  curve  D,  figure 
4,  approximately  the  same  changes  are  figured.  The  oi^an  in  the 
latter*  instance  was  kept  in  the  ice  chest  for  twenty-foui-  hours  before 
it  was  used. 

Curve  B,  figure  4,  on  the  other  hand,  shows  a  higher  range  of  pres- 
sures, the  result  probably  of  a  still  greater  interference  with  the  pos- 
tural activity  of  the  muscle  cells.  The  stomach,  in  this  case,  was 
kept  for  twenty-four  hours  at  loom  temperature.  This  observation  is 
in  line  with  the  experiences  of  Gunn  and  Underhill  (17)  who  found 
that  while  the  maximal  time  of  survival  of  the  intestine  is  somewhat 
over  twenty-four  hours  when  it  is  kept  at  15°C.,  it  is  only  about  a 
third  of  that  time  when  kept  at  37X'.  Alvarez  (18)  had  much  the 
same  experience  with  specimens  from  the  stomach. 

A  still  poorei'  exhibition  of  postural  adjustment  in  the  freshly  excised 
organ  was  observed  when  the  stomach  was  kept  in  a  moist  chamber 
instead  of  in  the  usual  saline  bath  (curve  (',  fig.  4.)  This  may  have 
been  due,  in  part,  to  vascular  conditions  since  Hooker  (19)  has  shown 
that  the  pi-edominating  effect  of  COj  upon  the  alimentary  tract  is  to 
cause  contraction  of  the  muscle  when  in  an  arhythmic  state.  Curve 
A,  figure  4,  shows  the  effects  observc<l  from  fi^eeiy  painting  such  a 
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viscus  with  cocain.     In  this  concentration  the  drug  probably  acted  as 
a  general  protoplasm  poison. 

PUocarpin,  cUropin,  adrenalin.  Curve  B,  figure  3,  pictures  the 
results  obtained  with  pilocarpin.  The  drug  was  injected  immediately 
before  the  observations  started  in  sufficient  amounts  to  produce  saliva- 


n  exriaed  stomach  (cat)  kept  in 
enl  Bolution  of  cocain.  B.  Ex- 
ity-rour  boura  at  room  lempera- 
n  moist  chamber.  D.  Excised 
salt  bath.  Kept  for  twenty-four  hours  in  ice  box.  E.  Ex- 
7at  (fresh>  in  salt  bath.     F.  Cat.     Living.     Abdomen  open. 


Fift-  4.  .1.  Curve  of  intragastric  pressure  in 
a  moist  chamber.  Preoly  painted  with  2.5  pei 
ciaed  stomach  of  cat  in  ttalt  bath.  Kept  for  tw 
lure.  ('.  Excised  stomach  of  a  cat  (fresh) 
stomach  of  a  cat 
cisod  stomach  of 
Vagi  divided. 

tioii.  In  fceneral  the  reaction  of  the  stomach  was  very  similar  to  that 
noted  when  no  drug  was  used  (rurve  B,  fig.  2) .  Larger  doses,  of  course, 
in  bringing  a)>out  exaggerated  peristalsis  raise  the  intragastric  tension 
considerablj",  Pilocarpin,  it  would  appear  then,  exercises  no  direct 
influence  on  the  mechanism  responsible  for  postural  activity;  and 
afTectii  it  indirectly  only  when  it  is  used  in  large  amounts. 
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To  study  the  effects  of  atropin  the  drug  was  injected  both  at  the 
outset  of  the  observations  and  also  after  75  cc.  of  fluid  had  been  run 
into  the  stomach  (curve  F,  fig.  3).  On  the  whole  the  musculature 
adapted  itself  to  the  increments  of  load  with  very  slight  changes  in 
tension.  The  pressure  at  the  conclusion  of  the  work  was  approxi- 
mately one-half  that  noted  at  a  similar  point  in  the  experiment  with 
a  normal  stomach  (curve  B,  tig.  2). 

Observations  similar  to  this  have  led  to  the  statement  that  atropin 
in  proper  dosage  decreases  gastric  tonus.  Atropin  does  lessen  the 
tension  of  the  gastric  musculature  through  its  action  on  the  vagus 
terminals.  Tonus  or  postural  activity  however,  is  something  different 
from  this.  In  eliminating  certain  extrinsic  influences  the  drug  never- 
theless acts  in  a  way  which  favors  postural  changes  in  the  wall. 

In  the*  experiments  with  a<lrcnalin  1  cc.  of  a  1: 10,000  solution  was 
injected  intravenously  immediately  before  the  first  5  cc.  of  saline  were 
run  into  the  stomach.  Subsequent  to  the  introduction  of  50  cc.  of 
fluid,  2  cc.  additional  of  the  drug  were  administered.  C'urve  E, 
figure  3,  illustrates  such  an  experiment.  For  a  few  minutes  following 
each  injection  of  the  drug  there  was  a  slight  fall  in  intragastric  pres- 
sure. This  is  suggestive  of  the  experience  of  Cannon  (11),  namely, 
that  the  administration  of  a  small  dose  of  adrenalin  will  abolish  intra- 
gastric pi-easure.  Subsequ«nt  to  each  of  these  temporary  depressions, 
however,  the  intragastric  pressure  rose  rather  rapidly. 

The  fall  after  each  injection  may  be  accounted  for  through  the  action 
(stimulation)  of  the  drug  on  the  depi-essor  fibers  of  the  sympathetic 
system  in  the  gastric  wall.  The  rises  in  pressure  are  less  readily  ex- 
plained. There  are  several  possibilities,  however.  .The  drug  might 
lead  eventually  to  a  depression  of  the  depressor  fibers,  or  a  heightened 
vagus  action  might  follow  after  the  drug  had  ceased  to  act. 

CONCLUSIONS    ■ 

The  experiments  outlined  above  were  carried  out  in  order  to  study, 
in  some  detail,  the  postural  activity  (Sherrington)  of  the  gastric  mus- 
culature. From  the  results  of  the  work  the  following  points  may  be 
emphasized. 

The  normal  stomach  possesses  a  striking  capacity  for  adapting  its 
size  to  the  volume  of  its  contents  with  only  minimal  changes  in  intra- 
gastric pressure.  This  capacity  disappears  only  shortly  before  the 
viscus  ruptures. 
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Time  is  an  essential  factor  in  the  expression  of  this  form  of  mus- 
cular activity — as  the  rate  of  change  in  volimie  of  contents  increases, 
the  extent  of  the  postural  activity  decreases. 

The  extrinsic  nerves  have  nothing  directly  to  do  with  the  postural 
configuration  of  the  viscus.  The  mechanism  responsible  for  these 
changes  concerns  solely  the  musculature  itself  tt^ther  with  the  in- 
trinsic nervous  mechanism.  ' 

Pilocarpin,  atropin  and  adrenalin  Uk<fwise  have  only  an  indirect 
influence  upon  postural  activity.  They  neither  increase  nor  decrease 
gastric  tonus,  but,  like  the  extrinsic  nerves,  serve  to  regulate  the  ten- 
sion of  the  stomach  walls. 

Excision  of  the  stomach  leads  to  a  marked  decrease  in  its  postural 
activity,  due  in  greater  part  probably  to  changes  in  the  intrinsic 
nervous  mechanism. 
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Henderson  (1)  observed  that  the  oxygen  intake  in  "surgical  shock" 
is  decreased  by  about  45' per  cent  and  that  it  is  accompanied  by  a 
condition  of  acidosis.  Presumably,  therefore,  oxidation  must  be  de- 
creased in  the  condition  of  "shock."  We  have  shown  that  when  oxi- 
dation is  increased  as  for  example  in  the  excitement  stage  of  anaes- 
thesia, or  in  combat  or  by  increasing  the  amount  of  work,  there  is  a 
corresponding  increase  in  catalase,  an  enzyme  in  the  tissues  which  can 
liberate  oxygen  from  hydrogen  peroxide,  and  that  when  oxidation  is 
decreased  as  for  example  by  decreasing  the  amount  of  work,  or  in  deep 
narcosis,  or  rendered  defective  as  in  pancreatic  diabetes,  there  is  a 
corresponding  decrease  in  catalaae.  The  object  of  the  present  investi- 
gation was  to  determine  whether  or  not  there  is  a  decrease  in  the  cata- 
lase of  the  tissues  in  "shock"  corresponding  with  the  decrease  in  oxida- 
tion. In  view  of  the  fact  that  catalase  is  decreased  by  the  adminis- 
tration of  anaesthetics  and  that  the  decrease  is  proportional  to  the 
depth  of  anaesthesia,  precautions  were'  taken  in  all  the  experiments 
reported  in  this  paper  to  see  that  just  sufficient  ether  was  administered 
to  keep  the  animal  quiet  and  unconscious  and  that  this  amount  was 
kept  as  uniform  as  possible.  Determinations  of  the  catalase  of  the 
blood  were  made  in  all  the  experiments  during  the  administration  of 
ether  and  previous  to  the  production  of  "shock"  to  see  that  the  catalase 
of  the  blood  had  become  practically  constant.  When  this  was  found 
to  be  the  case  "shock"  was  produced  in  the  ways  described  and  the 
catalase  determined.  Dc^s  and  cats  were  Used  in  the  experiments. 
"Shock"  was  produced  in  the  cats  by  exposure  and  manipulation  of 
the  intestines,  and  in  the  dogs  by  bleeding. 

The  cats  were  etherized  and  determinations  of  the  catalase  of  the 
blood  made  and  when  these  determinations  were  found  to  be  constant, 
they  were  taken  for  comparison  as  the  normal  catalase  content  of  the 
blood  of  the  animal.     The  abdominal  wall  of  the  cat  was  then  opened 


d  by  Google 


rALB   of   CATALA8E   IK    "sHOCK"  2S7 

by  making  a  mid-ventral  incision  and  the  intestines  were  drawn  out 
and  handled.  The  catalase  of  the  blood  wa»  determined  at  intervab 
of  twenty  minutes  after  the  opening  of  the  abdomen,  as  had  been  done 
previous  to  the  opening  of  the  abdomen.  The  blood  pressure  was 
taken  in  the  carotid  artery  by  means  of  a  mercury  manometer  at  the 
time  of  each  determination  of  catalase.  The  catalase  was  determined 
by  adding  0.5  cc.  of  blood  to  250  cc.  of  hydrogen  peroxide  -in  a  bottle 
at  22°C.  and  as  the  oxygen  gas  was  liberated  it  was  conducted  through 
a  rubber  tube  to  an  inverted  graduated  cylinder  previously  filled  with 
water.  After  the  volume  of  gas  thus  collected  in  ten  minutes  had  been 
reduced  to  standard  atmospheric  pressure,  the  resulting  volume  was 
taken  as  a  measure  of  the  amount  of  catalase  in  the  0.5  cc.  of  blood. 
The  bottles  were  shaken  in  a  shaking  machine  during  the  determina- 
tions at  a  fixed  rate  of  about  one  hundred  and  eighty  double  shakes 
per  minute. 

The  curve  in  figure  1  was  constructed  from  data  obtained  from  a 
cat  previous  to  the  production  and  during  the  development  of  "shock." 
The  lower  figures  (0  to  360)  along  the  abscissa  indicate  time  in  minutes 
while  the  upper  figures  indicate  blood  pressure  in  millimeters  of  mer- 
cury. The  figures  along  the  ordinate  (0  to  540)  indicate  amounts  of 
catalase  measured  in  cubic  centimeters  of  oxygen  liberated  from  hydro- 
gen  peroxide  in  ten  minutes  by  0.5  cc.  of  blood  taken  from  the  external 
jugular  viein.  It  may  be  seen  that  during  the  two  20-miDute  periods 
or  40  minutes,  during  the  administration  of  ether  but  previous  to  the 
opening  of  the  abdomen,  0.5  cc.  of  blood  liberated  450  and  450  cc.  of 
oxygen  in  ten  minutes  from  hydrogen  peroxide,  and  that  the  blood 
pressure  was  105  and  103  mm.  of  mercury  respectively;  that  during 
the  succeeding  five  periods  of  20  minutes  each  after  the  abdominal 
wall  was  opened  and  the  intestines  exposed,  the  blood  hberated  440, 
420,  420,  420  and  425  cc.  of  oxygen  respectively,  and  that  the  blood 
pressure  had  fallen  from  103  to  60  mm.  of  mercury.  Hence  during 
the  five  periods  of  20  minutes  each,  or  100  minutes  of  exposure  and 
handling  of  the  intestines  and  administration  of  ether,  the  blood  pres- 
sure had  not  fallen  to  a  very  low  level,  and  there  was  a  very  small 
decrease  in  the  catala.se  of  the  blood  as  is  indicated  by  the  small  de- 
crease in  the  amount  of  oxygen  liberated  from  the  hydrogen  peroxide. 
During  the  succeeding  ten  periods  of  20  minutes  each,  however,  it  will 
be  noted  that  the  blood  pre,ssure  fell  from  60  to  26  mm.  of  mercury' 
and  that  during  this  time  the  catalase  of  the  blood  decreased  by  al>out 
37  per  cent  as  b  indicated  by  a  decrease  in  the  amount  of  oxygen 
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liberated  from  425  to  270  cc.  It  should  be  mentioned  in  tfaia  cotmec- 
tioD  that  the  condition  of  the  animal  during  the  last  two  hours  of  the 
experiment  was  such  that  it  was  unnecessary  to  administer  any  ether, 
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Fig.  1.  Curve  showiDg  the  effect  of  "shock"  on  the  catalase  content  of  the 
blood.  The  lower  figures  (0  to  360)  along  the  abscissa  indicate  time  in  minutes, 
the  upper  figures  along  the  abscissa  indicate  blood  pressure  in  millimeters  of 
mercury.  The  figures  (0  Ut  540)  along  the  ordinate  indicate  amounts  of  catalase 
measured  in  cubic  centimeters  of  oxygen  liberated  from  hydrogen  peroxide  in 
■  ten  minutes  by  0,5  cc.  of  blood. 

hence  the  ether  could  not  have  played  any  part  in  this  decrease  in 
catalase.  A  discussion  of  the  cause  of  the  decrease  in  the  catalase 
of  the  blood  of  the  cats  in  the  condition  of  "shock"  will  be  given  in 
the  discussion  of  the  results  from  dogs  in  this  same  condition. 
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Several  doga,  weighing  about  10  kgm.  each,  were  bled  approximately 
5  per  cent  of  the  body  weight.  The  blood  was  taken  from  the  external 
jugular  by  meaos  of  a  hypodermic  needle  attached  to  a  flask  in  which 
a  partial  vacuum  was  created.  Previous  to  being  bled  the  dogs  were 
slightly  etherised,  and  during  this  period  of  alight  anaesthesia  deter- 
minations of  the  catalase  of  the  blood  were  made.  When  these  deter- 
minations were  found  to  be  constant,  they  were  taken  for  comparison 
as  the  normal  catalase  content  of  the  blood  of  the  animal.  The  blood 
was  then  drawn  from  the  external  jugular  at  the  rate  of  approximately 
15  cc.  per  minute  imtil  500  cc.  of  blood  had  been  taken.  After  losing 
this  amount  of  blood,  the  d<^  were  too  weak  to  walk  and  would  lie 
more  or  less  quietly  in  apparently  a  aemi-conacious  condition.  It  was 
assumed  that  these  animals  were  in  the  condition  known  as  "shock." 
At  the  intervals  given  along  the  abscissa  in  chart  2,  samples  of  blood 
were  taken  from  the  external  jugular  and  the  catalase  content  deter- 
mined. The  determinations  were  made  in  the  same  manner  as  those 
frith  the  cat's  blood  except  that  50  cc.  of  hydrogen  peroxide  were  used 
instead  of  250  cc.  because  of  the  low  catalase  content  of  the  dc^'s 
blood. 

Curves  a,  b  and  c  in  figure  2  were  constructed  from  data  obtained 
from  dogs  in  the  condition  of  "shock"  produced  as  described.  It  will 
be  seen  that  0.5  cc.  of  the  samples  of  blood  taken  from  the  different 
doga  during  the  administration  of  ether,  but  previous  to  the  produc- 
tion of  "shock,"  liberated  52,  48  and  42  cc.  of  oxygen  respectively,  and 
that  two  hours  after  the  hemorrhage,  when  the  animals  were  in  the 
condition  of  "shock,"  the  catalase  had  decreased  by  approximately 
40  per  cent  as  is  indicated  by  the  decrease  in  the  amount  of  oxygen 
liberated  to  32,  28,  and  20  cc.  respectively. 

The  explanation  that  suggests  itself  for  the  decrease  in  the  catalase 
of  the  blood  of  the  do|^  and  of  the  cats  in  the  condition  of  "shock"  is 
the  decreased  output  of  catalase  from  the  liver  and  possibly  the  dilu- 
tion of  the  blood  by  the  diffusion  of  liquid,  poor  in  catalase,  from  the 
tissues  into  the  blood  stream.  The  following  observations  are  offered 
in  support  of  the  part  played  by  the  liver  in  this  respect.  The  portal 
vein  and  the  hepatic  sj-tery  of  a  dog  were  tied  off  at  12.45  a.m.  At 
1.45  a.m.  the  blood  pressure  had  fallen  from  140  mm.  of  mercury  to 
22  mm.  and  the  catalase  of  the  blood  had  decreased  by  50  per  cent. 
Only  the  portal  vein  of  another  dog  was  tied  off  at  2.20  a.m.  At  3.20 
a.m.  the  same  great  fall  in  blood  pressure  was  observed  but  the  de- 
crease in  the  catalase  of  the  blood  was  not  so  extensive  being  only  30 
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per  cent  as  opposed  to  the  50  per  cent  decrease  when  the  entire  blood 
supply  was  cut  off  from  the  liver.  In  the  first  case  alt  the  blood  sup- 
plied to  the  liver  being  cut  off,  the  output  of  the  catalase  from  the 
liver  was  reduced  to  zero  with  the  corresponding  great  decrease  in  the 
catalase  of  the  blood.  In  the  second  case  the  blood  supply  beii^ 
partially  cut  off,  the  liver  continued  to  pour  catalase  into  the  blood 
with  the  resulting  smaller  decrease  in  catalase.  We  had  found  that 
when  the  liver  was  cut  out  of  the  circulation  by  an  Eck  fistula  and  by 
tying  off  the  hepatic  artery,  the  decrease  in  the  catalase  of  the  blood 
was  not  so  great  as  when  the  portal  vein  as  well  as  the  hepatic  artery 
was  tied  off  with  resulting  decrease  in  general  arterial  pressure.  This 
led  us  to  the  adoption  of  the  second  part  of  the  explanation  for  the 
decrease  in  the  catalase  of  the  blood  in  the  condition  of  "shock" 
namely,  the  dilution  of  the  blood  by  the  diffusion  of  liquid  from  the 
tissues.  I  know  there  is  evidence  that  in  "shock"  there  may  be  a 
diffusion  of  liquid  from  the  blood  into  the  tissues  instead  of  from  the 
tissues  into  the  blood  stream;  however,  as  I  have  seen  the  evidence, 
the  question  seems  to  be  an  open  one  still.  If  there  is  a  diffusion  of 
liquid  and  the  contained  catalase  from  the  tissues  into  the  "blood  in 
"shock"  this  should  produce  a  decrease  in  the  catalase  of  the  tisaues. 
The  catalase  content  of  the  different  tissues  of  all  the  animals  used  in 
this  investigation  was  determined  and  the  results  were  found  to  be 
very  irregular,  although  on  the  whole  there  was  probably  a  decrease. 
The  dog  from  which  data  for  curve  a  in  figure  2  were  obtained  died 
about  three  hours  after  the  production  of  "shock,"  when  the  catalase 
of  the  blood  had  been  decreased  by  approximately  60  per  cent  as  is 
indicated  by  a  decrease  in  the  amount  of  oxygen  liberated  from  42  to 
18  cc.  The  condition  of  the  dog  from  which  data  for  curve  b  were 
obtained,  began  to  improve  about  four  hours  after  the  production  of 
''shock,"  and  along  with  this  improved  condition,  as  may  be  seen  in 
the  chart,  there  was  a  gradual  increase  in  the  catalase  content  of  the 
blood.  Reasons  will  be  given  shortly  for  believing  that  the  increase 
in  catalase  during  the  period  of  recovery  from  "shock,"  was  due  to 
the  increased  output  of  catalase  from  the  liver.  One  hundred  cubic 
centimeters  of  40  per  cent  ethyl  alcohol  were  introduced  into  the  stom- 
ach of  the  dog  from  which  data  for  curve  c  were  obtained  about  three 
hours  after  the  production  of  "shock."  At  the  time  of  the  introduc- 
tion of  alcohol  it  will  be  seen  that  the  catalase  had  decreased  by  ap- 
proximately 40  per  cent  from  the  normal  as  is  indicated  by  a  decrease 
in  the  amount  of  oxygen  hberated  from  52  to  32  cc.     It  may  be  seen 
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that  the  catalase  of  the  blood  increased  very  rapidly  after  the  introduc- 
tion of  the  alcohol,  and  that  after  one  hour  it  had  increased  more  than 
90  per  cent,  as  is  indicated  by  the  increase  in  the  amount  of  oxygen 
liberated  from  32  to  63  cc.  In  some  impubltshed  results,  we  found 
that  the  introduction  of  alcohol  into  the  stomach  of  an  animal  produced 
a  very  rapid  increase  in  the  catalase  of  the  blood  provided  the  liver 
was  not  excluded  from  the  circulation,  but  that  when  this  organ  was 
excluded  by  an  Eck  fistula  and  by  ligating  the  hepatic  artery,  alcohol 
produced  very  httle  or  no  increase.  This  observation  was  interpreted 
to  mean  that  the  great  increase  produced  in  the  catalase  of  the  blood 
by  alcohol  was  due  to  the  stimulation  of  the  liver  to  an  increased  out- 
put of  the  enzyme. 

In  some  unpublished  results  we  found  that  the  catalase  of  the  liver 
was  decreased  in  pancreatic  diabetes  by  72  per  cent,  and  that  of  the 
heart  by  48  per  cent.  In  view  of  the  fact  that  catalase  content  is  so 
inseparably  connected  with  oxidation  in  the  body,  the  assumption  was 
made  that  the  defective  oxidation  in  pancreatic  diabetes  was  due  to 
the  decreased  catalase  in  the  tissues,  this  being  brought  about  by  the 
decreased  output  from  the  liver.  Benedict  and  Torok  (2)  found  that 
the  use  of  alcohol  as  a  food  in  diabetes  reduced  the  output  of  acetone, 
nitrogen  and  glucose.  Neubauer  (3)  showed  that  red  wine  reduced 
the  sugar  output  and  the  acidosis  in  diabetes.  Allen  and  Dubois 
found  that  the  administration  of  whiskey  increased  the  oxidation  of 
glucose  in  diabetes.  From  the  results  of  these  observers,  it  would 
appear  that  alcohol  aids  oxidation  in  diabetes.  It  may  be  that  the 
helpful  effect  of  moderate  amounts  of  alcohol  in  diabetes  is  due  to  the 
stimulating  effect  of  alcohol  on  the  Uver  which  causes  an  increased 
output  of  catalase  from  this  organ  and  hence  an  increase  of  catalase 
in  the  blood  and  tissues  thus  facihtating  the  oxidative  processes.  If 
alcohol  is  helpful  in  diabetes,  a  disease  in  which  there  is  a  decrease  in 
the  catalase  content  of  the  tissues  with  resulting  defective  oxidation 
and  acidosis,  it  would  seem  that  it  should  be  helpful  in  "shock"  where 
these  same  conditions  prevail. 

SUlfUARY 

In  the  condition  of  "shock"  the  catalase  of  the  blood  and  probably 
of  the  tissues  is  decreased.  The  decrease  in  the  catalase  of  the  blood 
is  brought  about  by  a  dimiiushed  output  of  catalase  from  th&  liver 
'  owii^  to  the  lowered  blood  pressure  and  probably  by  a  dilution  of  the 
blood  due  to  a  diffusion  of  liquid,  poor  in  catalase,  from  the  tissues. 
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The  admimBtrBtion  of  alcohol  in  the  condition  of  "shock"  greatly 
increases  the  catalase  of  the  blood  and  hence  of  the  tissues  by  stimulat- 
ing the  liver  to  an  increaaed  output  of  this  enzyme. 

Since  catalase  content  is  so  inseparably  connected  with  oxidation  in 
the  body,  the  aasumption  is  made  that  the  decrease  in  catalase  is 
principally  responsible  for  the  decreased  oxidation  with  rsesulting 
acidosis  in  the  condition  of  "shock,"  and  that  the  beneficial  effect  of 
alcohol  as  a  stimulant  in  "shock"  and  in  conditions  of  general  depres- 
sion ia  due  to  the  increase  it  causes  in  the  catalase  of  the  blood  and 
tissues  with  resulting  increase  in  oxidation  and  decrease  in  acidosis. 
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In  a  previous  report  (1)  we  have  shown  that  the  subcutane»u8  in- 
jection of  even  a  small  dose  of  secretin  is  able  to  produce  a  marked 
increase  in  the  number  of  erythrocytes  in  the  circulating  blood.  In 
the  present  report  we  wish  to  show  that  such  injections  are  likewise 
capable  of  increasing  the  number  of  white  corpuscles  in  the  blood 
stream. 

The  secretin  which  we  used  was  in  all  cases  prepared  from  the  intes- 
tine of  the  dog.  The  mucous  membrane  was  scraped  off  with  a  dull 
knife  from  the  upper  half  of  the  small  intestine,  triturated  with  50  cc. 
of  0.4  per  cent  hydrochloric  acid  and  after  standing  for  two  hours  was 
boiled  actively.  The  preparation  was  neutralized  while  boiling  and 
filtered.  To  it  was  then  added  sufHcient  glacial  acetic  acid  to  make 
2  per  cent  by  volume  and  the  acid  extract  evaporated  to  drj-ness. 
We  have  found  that  such  a  preparation  retains  its  activity  for  at  least 
six  months.  We  obtained  about  10  mgm.  of  this  dried  acid  extrai^t 
per  cubic  centimeter  of  original  solution.  In  all  of  the  present  series 
of  experiments  such  an  acid  extract  was  used,  a  sufficient  quantity  of 
the  dried  preparation  being  dissolved  in  normal  saline  solution  as 
needed  to  make  a  solution  of  the  same  strength  as  the  original  filtrate. 

As  in  our  previous  experiments  rabbits  were  used  exclusively  because 
it  has  been  shown  by  Lamson  (2)  that  they  do  not  respond  to  fright, 
pain,  etc.,  by  an  increase  in  the  number  of  erythrocytes  in  the  circulat- 
ing blood,  as  do  the  cat  and  dog,  and  we  wished  to  avoid  the  use  of 
an  anaesthetic.  Also  to  exclude  the  factor  of  digestion  leucocytosis 
food  and  water  were  withheld  from  the  animals  during  the  experiments. 

The  blood  was  obtained  from  the  ear  of  the  rabbit  with  as  little 
manipulation  as  possible.  Specimens  were  taken  simultaneously  for 
counting  Ixtth  white  and  red  corpuscles,  0.5  per  cent  acetic  acid  being 
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used  as  the  diluting  fluid  for  the  former  and  normai  saline  solution 
for  the  latter.  The  counts  were  made  in  the  usual  manner  with  the 
Thoma-Zeiss  apparatus. 

TABLE  1 

Dote:  1  ec.  teertUn  ttdtdion  per  kilogram  of  body  tetigtd 


-^^. 

■—"•"" 

^.>. 

^i"^' 

-.^J- 

£S' 

■iinutrt 

min»ta 

I 

W.  B.  C. 

4,800 

7,800 

3,000 

62,5 

30 

65 

R.  B.  C. 

(•) 

2 

W.  B.  C. 

10,400 

13,600 

3,200 

30.76 

30 

60 

R.  B.  C. 

4,960,000 

5,608,000 

648,000 

13.06 

30 

30 

3 

W.  B.  C. 

»,«00 

11,250 

1,650 

17.18 

90 

90 

R.  B.  C. 

5,331,000 

6,240,000 

909,000 

17.05 

90 

90 

4 

W.  B.  C. 

6,200 

14,200 

8,000 

120.03 

30 

00 

R.  B.  C. 

7,349,000 

7,840,000 

491,000 

6.68 

30 

30 

5 

W.  B.  C. 

11,800 

16,600 

5,000 

43.10 

60 

90 

R.  B.  C. 

6,064,000 

7,184,000 

1,130,000 

18.66 

60 

60 

6 

W.  B.  C. 

20,000 

34,800 

14,800 

74  00 

60 

90 

R.  B.  C. 

5,234,000 

7,200,000 

1,066,000 

37.56 

60 

90 

7 

W.  B.  C. 

15,600 

ll,78«t 

3,814 

24.44 

30 

60 

R.  B.  C. 

6,427,000 

6,631,000 

204,000 

3.17 

90 

90 

8 

W.  B.  C. 

12.6H 

15,800 

3,146 

24.86 

60 

00 

R.  B.  C. 

6,615,000 

7,760,000 

1,145,000 

17.30 

60 

60 

9 

W.  B.  C. 

10,900 

13,100 

2.200 

20.18 

00 

60 

R.  B.  C. 

5,605.000 

6,912,000 

1,307,000 

23,31 

00 

60 

10 

W.  B.  C. 

7,400 

12,200 

4,800 

64.86 

60 

90 

R.  B.  C. 

5,343,000 

6,246.000 

903,000 

16.90 

60 

60 

Averagea 

W.  B.  C. 

10,915 

15,113 

4,198 

44,2 

51 

78.5 

R.  B.  C. 

5,879.777 

6.846,777 

967,000 

17,07 

60 

63.33 

*  Red  corpuscle  counts  were  not  made  in  experiment  1. 
f  Experiment  7  shows  a  decrease  in  the  nhite  corpuscle  ci 
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0.50  a.m.    White   blood  corpuscles  11,600  per  cubic  millimeter.    Red  blood 

corpuscles  9,054,000  per  cubic  millimeter. 
9.55  a.m.    1  cc.  secretin  Bolution  (representing  10  mgm.  of  dried  extract)  per 

kilogram  of  body  weight  given  hypodermstically. 
10.25  a.m.    White  blood  corpuscles  14,400  per  cubic  millimeter.    Red  btood 

corpuscles  6,406,000  per  cubic  millimeter. 
10.55  a.m.    White  btood  corpuscles  16,600  per  cubic  millimeter.    Red  blood 

corpuscles  7,184,000  per  cubic  millimeter. 
11.2Sa.m.    White  blood  corpuscles  14,400  per  cubic  millimeter.    Red  blood 

corpuscles  5,984,000  per  cubic  millimeter. 
11.55  a.m.    White  blood  corpuscles  12,400  per  cubic  millimeter.    Red  blood 

corpuscles  5,216,000  per  cubic  millim«ter. 
12.25  p.m.    White  blood  corpuscles  8,800  per  cubic  millimeter.    Red  blood  cor- 
puscles 5,574,000  per  cubic  millimeter. 

We  had  detemiined  in  our  previous  experiments  that  1  cc.  of  the 
secretin  solution,  equivalent  to  apprgximately  10  mgm.  of  the  dried 
extract,  per  kilogram  of  body  weight  was  the  most  efficient  dose  to 
produce  an  increase  in  the  number  of  erythrocytes  per  unit  volume  of 
blood  and  that  the  preparation  was  effective  when  injected  subcu- 
taneously.  Therefore  we  selected  this  dose  as  our  starting  point  and 
administered  it  subcutaneously  in  all  cases.  Table  1  summarizes  the 
results  of  ten  such  experiments,  the  effect  upon  both  red  and  white 
corpuscles  being  recorded.  Following  the  table  is  the  protocol  of  a 
typical  experiment  of  this  group. 

These  experiments  show  conclusively  that  not  only  is  secretin  solu- 
tion, when  injected  subcutaneously,  able  to  produce  an  increase  in  the 
number  of  erythrocytes  in  the  circulating  blood  but  that  it  is  capable 
of  producing  an  even  greater  effect  on  the  number  of  white  blood 
corpuscles.  In  addition,  however,  it  shows  that  the  duration  of  the 
effect  on  the  number  of  the  corpuscles  and  the  time  of  appearance  of 
the  maximum  count  are  very  nearly  the  same  in  the  two  cases — dura- 
tion of  effect  on  the  red  blood  corpuscles  63.33  minutes,  on  the  white 
corpuscles  78.5  minutes;  maximum  count  of  red  blood  corpuscles  per 
cubic  millimeter  in  60  minutes,  of  white  blood  corpuscles  per  cubic 
millimeter  in  51  minutes — the  effect  being  produced  quicker  in  the 
case  of  the  white  corpuscles  and  persisting  longer. 

We  next  sought  to  determine  if  the  dose  of  1  cc.  of  secretin  solution 
per  kilogram  of  body  weight  was  the  most  efficient  dose  in  the  case  of 
the  white  blood  corpuscles  as  it  had  been  shown  to  be  with  regard 
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to  the  erythrocytes.  To  do  this  we  performed  four  experiments  using 
in  each  a  dose  of  )  cc.  of  secretin  solution  per  kilogram  of  body  weight 
and  four  experiments  using  in  each  2  cc.  of  secretion  solution  per  kilo- 
gram of  body  weight.  The  results  of  these  experiments  are  shown  in 
tables. 2  and  3  respectively.  An  experiment  typical  of  each  group  is 
also  given  in  detail. 

TABLE  ! 

Dote:  0.S  ec.  tecrelin  tolutton  per  kilogram  of  bodg  weight 


M 

«"" 

WlTliL  WDICT 

™,« 

INCMUU 

sf 

"w" 

now  or 

minittH 

minuitt 

11 

W.  B.  C. 

16,800 

20,600 

3,800 

22.61 

30 

60 

R.  B.  C. 

a,«6i.ooo 

7,671.000 

710,000 

10.19 

30 

30 

12 

W.  B.  C. 

9,200 

10,600 

1,400 

15.21 

60 

90 

R.  B.  C. 

5.440,000 

6,560,000 

1,120,000 

20.58 

60 

go 

13 

W.  B.  C. 

S,200 

14,200 

5,000 

54.34 

90 

60 

R.  B.  C, 

4.290,000 

4.650.000 

360,000 

8.39 

90 

60 

H 

W.  B.  C. 

16,800 

18,400 

1,600 

9.54 

60 

60 

R.  B.  C. 

6,640,000 

6,928.000 

288,000 

4,33 

60 

60 

ATersses 

W.  B.  C. 

13,000 

15,050 

2,9M 

25.42 

60 

67.5 

R.  B.  C. 

5,832,750 

6,452,250 

619,500 

10,87 

60 

60.0 

Experiment  II,  November  K,  1917 

ll.OSa.m.  Whit«  blood  corpuscles  16,800  per  cubic  miUimeter.  Red  blood 
corpuaclea  6,961,000  per  cubic  milliiDeter. 

II. IS  u.m.  0.6  ee.  secretin  solution  (represeDting  5  mgm.  of  dried  extract)  per 
kilogram  of  body  weight  given  hypodermstically. 

11.45  a.m.  White  blood  corpuscles  20,600  per  cubic  millimeler.  Red  blood 
corpuscles  7,671,000  per  cubic  millimeter. 

12.15  p.m.  White  blood  corpuscles  18,400  per  cubic  millimeter.  Red  blood 
corpuscles  6,624,000  per  cubic  millimeter. 

12.45  p.m.  White  blood  corpiuclea  16,000  per  cubic  millimeter.  Red  blood 
corpuscles  6,168,000  per  cubic  millimeter. 

1.15  p.m.  White  blood  corpuscles  14,500  per  cubic  millimeter.  Red  blood  cor- 
puscles 6,860,000  per  cubic  millimeter. 
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TABLE  a 
Dok:  I  cc.  secretin  solution  per  kitofrarn  of  body  ineigkt 


■XrailUKKT 

iMTTtu,  amm 

CODXI 

INCMOU: 

h 

■:rs- 

rroxw 

17 

W.  B.  C. 

R.  B.  C. 

11,600 
6,576,000 

13,000 
7,283,000 

-      1,400. 
687,000 

i2.oe 

10.44 

30 
30 

90 
60 

18 

W.  B.  C. 
R.  B.  C. 

11.700 
4,960,000 

10,400 
6,900.000 

7,700 
940,000 

66.81 
18,95 

60 
30 

90 
90 

21 

W.  B.  C. 
R.  B.  C. 

7,600 
6,001,000 

7,300' 
7,313,000 

300 
1,312,000 

3.04 
21.86 

40 
30 

80 
30 

22 

W.  B.  C. 
R.  B.  t. 

5,«0 
6,880,000 

10,200 
7,376.000 

4,800 
486,000 

SS.8S 
7.20 

30 
30 

eo 

60 

AvCFAgM 

W.  B.  C. 
R.  B.  C. 

9,075 
6.104,250 

12,475 
6,963,000 

3,400 
858,750 

3g.21 
14.61 

40 
30 

80 
60 

•  Experiment  21  shows  a  decrease  in  the  white  corpuscle  count. 


Experiment  17,  November  t7,  1917 

11.00  &.m.    White  blood  corpuscles  11.600  per  cubic  millimeter.    Red  blood 

corpuscles  6,576.000  per  cubic  millimeter. 
11.05  a.m.    2  cc.  secretin  solution  (representing  30  mgm.  of  the  dried  extract) 

per  kilogram  of  body  weight  given  hypodeitnatically. 
11.35  a.m.    White  blood  corpuscles  13,000  per  cubic  millimeter.    Red  blood 

corpuscles  7,263,000  per  cubic  millimeter. 
12.05  p.m.    White  blood  corpuscles  13,000  per  cubic  millimeter.    Red  blood 

corpuscles  6,956.000  per  cubic  millimeter, 
1C35  p.m.    White  blood  corpuscles  12,600  per  cubic  millimeter.    Red  blood 

corpuscles  6,118,000  per  cubic  millimeter. 
1.05  p.m.    White  blood  corpuscles  11,500  per  cubic  millimeter.    Red  blood 

corpuscles  6.288 ,000  per  cubic  millimeter. 
3.05  p.m.    White  blood  corpuscles  8,500  per  cubic  millimeter.    Red  blood  cor- 
puscles 6,052,000  |)er  cubic  millimeter. 

A  dose  of  1  cc.  of  secretin  solution  per  kilogram  of  body  weight  pro- 
duces an  average  increase  of  44.2  per  cent  in  the  number  of  white  cor- 
puscles in  5i  minutes,  while  0.5  cc.  of  secretin  solution  per  kilogram 
produces  an  increase  of  only  25.42  per  cent  in  60  minutes  and  2  cc.  of 
secretin  solution  per  kilogram  an  increase  of  38.21  per  cent  in  40  min-  ■ 
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utes.  Therefore  the  conclusion  is  justified  that  1  cc.  of  secretin  solu- 
tion per  kilt^am  of  body  weight  is  the  most  efficient  dose  to  increase 
the  number  of  both  white  and  red  corpuscles. 

In  our  previous  work  on  the  red  blood  corpuscles  we  also  found  that 
by  repeating  the  dose  of  secretin  solution  at  short  intervals  the  increase 
in  the  erythrocyte  count  could  be  kept  up  for  several  hours  but  dropped 
promptly  after  the  administration  of  the  last  dose.  In  table  4  the 
results  of  four  experimentfl  are  recorded  in  each  of  which  1  cc.  of  sei^re- 
tin  solution  per  kilogram  of  body  weight  was  injected  subcutaneously 
at  houHy  intervals  for  three  doses. 

It  will  be  seen  that  the  increase  in  the  white  corpuscle  count  pro- 
duced by  the  first  dose  is  partly  maintained  by  the  succeeding  doses 
but  rises  after  the  administration  of  the  last  dose  so  that  at  the  end  of 
five  hours  the  number  of  white  corpuscles  in  the  blood  stream  is  very 
decidedly  greater  than  at  the  beginning  of  the  experiment.  In  the 
same  table  are  given  the  erythrocyte  counts  in  the  same  experiments 
which  confirm  the  results  that  we  obtained  previously.  A  compari- 
son of  the  effects  produced  when  repeated  doses  of  secretin  are  given 
at  short  intervals  shows  that  the  total  effect  on  the  white  corpuscles  is 
more  marked  and  more  persistent  than  ia  the  effect  on  the  erythrocytes. 

A  similar  comparison  of  the  effect  of  a  single  dose  of  secretin  solu- 
tion  on  the  red  and  white  blood  corpuscles  shows  the  same  relation. 
In  practically  all  cases  the  effect  on  the  white  corpuscles  appears  as 
quickly,  or  more  quickly,  than  the  effect  on  the  erythrocytes  and  per- 
sists for  a  longer  time.  Also  the  average  percentage  increase  in  the 
white  corpuscle  count  per  unit  volume  of  blood  is  in  all  cases  nearly 
or  quite  double  the  percentage  increase  in  the  erythrocyte  count. 

Ill  our  previous  paper  we  suggested  as  the  most  probable  expUna- 
tion  of  the  increase  in  the  number  of  erythrocytes  in  the  circulating 
blood  produced  by  secretin  that  it  is  due  to  a  direct  stimulating  action 
of  the  fccretin  on  the  red  marrow  of  the  bones.  We  are  still  inclined 
to  believe  that  this  is  the  true  explanation  and  further  work  is  being 
done  in  an  endeavor  to  determine  this.  It  is  conceded  that  there  are 
two  sources  for  the  white  blood  corpuscles,  the  bone  marrow  and  the 
lymphatic  tissues  in  general.  It  would  seem  probable  because  of  the 
much  greater  effect  of  secretin  on  the  number  of  the  white  corpuscles 
that  it  stimulates  their  production  by  both  the  bone  marrow  and  the 
lymphatic  tissue.':.     Further  work  is  also  being  done  along  this  line. 
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CONCLUSIONS 

1.  It  is  possible  to  produce  an  increase  in  the  number  of  white  cor- 
puscles per  pubic  millimeter  o  blood  by  the  administration  of  secra- 
tin,  even  in  small  doses  and  by  subcutaneous  injection. 

2.  The  most  efficient  doee  is  1  cc.  of  ^retin  solution  per  ki'ogram 
of  body  weight. 

3.  The  increase  in  the  connt  appears  quickly  and  is  very  transient, 
but  is  greater  and  more  persistent  than  the  increase  in  the  erythro- 
cyte count  produced  by  the  same  means. 

4.  By  repeating  the  dose  of  secretin'  solution  at  short  intervals  the 
increase  in  the  number  of  both  the  erythrocytes  and  the  white  corpuscles 
can  be  kept  up  for  several  hours  but  is  more  marked  and  persists  some- 
what longer  after  the  last  dose  in  the  case  of  the  white  corpuscles  than 
is  the  case  of  the  red  corpuscles. 

5.  It  is  suggested  that  the  effects  described  are  due  to  a  direct  stimu'^ 
lating  action  of  secretin  on  both  the  bone  marrow  and  the  lymphatic 
tissues  in  general. 

6.  The  results  of  previous  experiments  on  the  number  of  erythro- 
cytes in  the  circulating  blood  are  confirmed. 
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VI.    FURTHER  STUDIES  ON  THE  EFFECT  OF  ADRENALIN 

UPON  THE  BLOOD  FLOW  IN  MUSCLES 
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In  1895  Oliver  and  Schfifer  (1)  demonstrated  that  adrenal  extract 
has  a  pressor  action  upon  the  vasomotor  system  in  both  frogs  and 
doge.  In  the  d(^  they  plethj^m(^rapbed  several  organs  simulta- 
neously. These  did  not  of  necessity  respond  in  the  same  manner,  at 
times  one  contracted  and  the  others  expanded  and  vice  versa,  and 
sometimes  all  the  organs  under  observation  expanded.  This  increase 
they  attributed  to  a  passive  expansion  due  to  swelling  of  the  large 
blood  vessels  in  the  limbe. 

It  has  been  shown  that  adrenalin  injected  into  animals  (cats  and 
dogs)  in  small  doses  (0.1  to  0.5  cc.  of  a  1 :  100,000  solution)  produces  a 
fall  in  blood  pressure.  This  fall  Cannon  and  Lyman  (2)  say  results  not 
only  from  a  lessened  peripheral  resistance  due  to  vasodilation  in 
the  cutaneous  system  but  also  to  dilation  in  the  splanchnic  vessels. 
Plethysmographic  records  taken  simultaneously  with  blood  pressure 
records  showed  that  the  limb  volume  increases  as  the  blood  pressure 
falls.  Dale  (3)  came  to  the  same  conclusion.  He  advanced  the  theory 
that  small  amounts  of  adrenalin  stimulate  vasodilator  endings  while 
large  quantities  bring  the  vasoconstrictors  into  play. 

Hartman  (4)  does  not  share  absolutely  in  this  belief,  but  believes  that 
adrenalin  in  small  doses  is  selective  in  its  action.  He  found  that  if 
the  limb  vessels  were  clamped  adrenalin  produced  a  rise  in  blood  pres- 
sure,  and  if  the  vessels  of  the  splanchnic  area  were  clamped  and  the 
limb  vessels  left  intact  adrenalin  produced  a  fall  in  pressure.  He  says 
that  toneless  relaxed  muscles  probably  do  not  relax  further  by  injec- 
tion of  adrenalin.-    Recently  Hartmen  and  Eraser  (5)  advanced  the 

>  A  number  of  the  earlier  experiments  were  performed  in  the  Laboratory  of 
Physiology  in  the  Albany  Medical  College. 
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theory  that  the  vasodilator  action  of  adrenalin  in  muBcle  vessels  does 
not  depend  upon  the  tonicity  of  the  vessel  wall  but  upon  a  cent^  in 
the  central  nervous  system  elsewhere  than  in  the  cerebral  hemispheres. 
They  obtained  dilation  in  the  perfused  limbs  of  dogs  upon  injecting 
adrenalin  into  the  circulation  when  the  nervous  connections  were 
intact. 

Hoekins,  Gunning  and  Berry  (6)  pointed  out  that  adrenalin  injected 
intravenously  in  small  doses  dilates  the  muscle  vessels  and  constricts 
the  cutaneous.  Gruber  (7)  was  unable  to  obtain  vasodilation  in 
muscles  the  nerves  of  which  had  just  been  cut.  His  results  were  con- 
firmed by  Hartman  and  Fraser  (5).  Nor  was  he  able  to  obtain  dila- 
tion in  active  muscles  whose  nerves  were  cut  and  stimulated  at  a  rate 
favorable  to  dilation. 

The  present  research  was  carried  out  to  determine  whether  or  not 
adrenalin  acted  centrally  or  peripherally  in  producing  vasodilation  in 
muscles. 


Cats,  anaesthetized  with  ether,  were  used.  The  blood  pressure  was 
registered  by  a  meraury  manometer  from  a  cannula  in  the  carotid 
artery.  A  time  marker  was  placed  at  the  atmospheric  pressure  line 
of  the  manometer. 

Usually  adrenalin  chloride,  but  in  some  cases  crystalline  adrenalin 
(epinephrin)  (0.5  to  2  cc.  of  a  1: 100,000  solution)  and  in  some  cases 
(0.5  to  1  cc.  of  a  1 :  10,000  solution),  was  injected  into  a  cannula  placed 
in  the  external  jugular  vein.  In  many  experiments  hirudin  (10  mgm. 
per  kilo)  was  injected  intravenously  as  an  anticoagulant. 

In  all  cases  the  cutaneous  vessels  were  ligated  and  cut  and  either 
the  skin  removed  or  the  limb  mass  ligated  above  the  hock.  Both 
methods  satisfactorily  separate  the  skin  cireulation  from  the  muscle 
circulation.  A  paraffined  glass  cannula  of  small  bore  (3  mm.  diameter) 
was  placed  in  the  femoral  vein,  all  the  branches  to  which  were  tied  off 
except  the  deep  anterior  tibial  vein  which  comes  from  the  tibialis 
anticus  muscle  and  other  muscles  of  that  r^on.  The  drops  of  blood 
flowing  through  it  were  recorded  on  the  smoked  drum  surface  by  a 
signal  magnet  operated  by  an  automatic  circuit  breaker  (7). 

Experiments  were  performed  on  several  animals  in  which  either  the 
sciatic  nerve  or  the  peroneal  ner\-ee  in  the  left  limb  had  been  cut  2  to 
10  days  earlier.  As  many  animab  were  used  in  experiments  on  the 
norm^  limb,  on  the  limb  in  which  the  nerve  was  cut  just  previous  to 
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the  experiineDt  and  on  perfused  timbe.    In  these  last  cases  the  fluid 
was  forced  through  a  cannula  placed  in  the  femoral  artery. 


AdrenaUn  injected  into  a  cat  in  small  doses  (0.5  to  2  cc.  1 :  100,000 
solution)  brings  about  a  fall  in  arterial  pressure  and  produces  an  active 


Pig.  I.  In  this  and  the  following  records  the  upper  curve  records  blood  pres- 
Bure  with  mercury  maDoinet«r,  below  it  the  time  marker  and  >ero  blood  preaauie. 
Except  in  tig.  2  the  third  line  ia  that  of  blood  flow  through  the  muscle  in 
drops.  Unless  otherwise  stated  the  time  is  in  5  secood  intervals.  Hirudin 
used  as  an  anticOBgulant.    Nerve  intact,  time  in  15  seconds. 

vasodilation  of  the  muscle  vessels  (see  fig.  1).  The  same  dose  of 
adrenalin  was  always  found  to  produce  vasoconstriction  of  the  skin 
vessels.  These  results  corroborate  those  obtained  by  Hoskins,  Gun- 
ning and  Berry  on    dogs  and  Hartman  and  Fraser  on  cats  with  the 
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ptethysmograph.  The  animal  from  which  this  figure  was  taken 
weighed  2  kilos  and  received  20  mgm.  of  hirudin  intravenously.  At 
the  point  indicated  in  the  record  0.5  cc.  of  adrenalin  (1 :  100,000  solu- 
tion) wae  injected.  There  resulted  a  fall  in  blood  pressure  from  110 
to  80  mm.  of  mercury  or  32  per  cent,  and  an  increase  in  blood  flow 
through  the  muscle  veasek  from  32  to  48  drops  per  30  seconds. 


In  many  instanccH  adrenalin  in  larger  doses  produced  a  rise  in  ar- 
terial pressure  with  the  muscle  vascular  system  still  showing  a  dila- 
tion. In  order  Co  compare  the  blood  pressure  in  the  hmb  with  that  of 
the  general  circulation  two  mercury  manometers  were  employed,  one 
in  the  carotid  and  the  other  in  the  femoral  artery  of  the  limb  not  under 
investigation.  By  loo]nng  a  ligature  around  the  aorta  just  above  the 
iliac  axis  it  was  possible  to  control  the  blood  pressure  in  the  vessels 
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of  the  limb  under  iavestigation.  Even  though  the  blood  pressure  did 
not  increase  in  this  limb,  there  was  a  marked  increase  in  blood  flow 
through  the  muscle. 

Figure  2  is  given  to  show  the  effect  of  cutting  the  nerve  to  the  muscle. 
For  the  10  seconds  preceding  the  cutting  of  the  nerve  at  /  the  rate  of 


Fig.  3.    Peroneal  nerve  cut  4  days  and  the  Bci&tic  cut  previous  to  this  reoordi 
0.5  CO.  of  1: 100,000  adrenalin. 

blood  flow  through  the  vessel  was  16  drops.  After  cutting,  the  rate 
of  flow  was  increased  to  47.  In  all  cases  it  was  noted  that  within  15 
to  30  seconds  after  the  nerve  was  cut  the  rate  of  blood  flow  through 
the  muscle  was  from  2  to  3  times  faster  than  before.  This  is  of  course 
due  to  loss  of  tonicity  in  the  vessel  wall. 
There  is  in  muscles  under  such  experimental  conditions  no  increase 
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io  flow  upon  injection  of  adFenalio  unless  there  is  considerable  rise  in 
blood  pressure  during  which  a  slight  passive  dilation  may  be  recorded. 
This  confirms  Gunning's  (8)  work  frith  large  doses  of  adrenalin.  If 
the  pressure  falls  then;  is  either  a  passive  constriction  due  to  the  fall 
in  the  Mood  pressure,  especially  when  the  pressure  is  low,  or  an  active 
vasoconstriction  due  to  the  action  of  the  adrenalin  itoelf.  Hart- 
man  suggests  that,  since  "a  depressant  substance  obtained  from  tn 
pituitaries"  caused  furtiier  dilation  in  the  denervated  limbs,-  the  in- 
ability of  adrenalin  to  bring  about  further  dilation  under  similar  con- 
ditions is  not  due  to  the  absence  of  muscular  tonicity  but  to  the  loss 
of  connection  with  a  vasodilator  center.  It  might  be  queetioned  in 
this  connection  whether  or  not  the  points  of  action  of  adrenalin  and 
the  depressant  substance  from  ox  pituitaries  are  the  same. 

It  is  my  belief  that  this  lack  of  vasodilator  action  of  small  doses  of 
adrenalin  in  denervated  limbs  is  due  to  the  loss  of  tonicity;  that  when 
the  tonicity  of  the  vessel  wall  is  normal  adrenalin  causes  vasodilation 
and  when  the  tonicity  is  lost  it  causes  constriction.  In  both  cases  it 
acts  upon  the  peripheral  vasomotor  mechanisrh.  To  substantiate  this 
theory  figures  3  and  4  are  presented. 

The  effect  qf  nerve  degeneration  {S  to  10  doys).  It  is  a  well  known 
fact  that  if  time  is  allowed  for  recovery  after  cutting  the  nerves  to 
vessels  a  certain  amount  of  tonicity  of  the  vessel  wall  is  regained  (9). 
Bowditch  and  Warren  (10)  demonstrated  that  the  vasoconstrictor 
nerve  fibers  are  the  first  to  degenerate  aft«r  section  of  a  mixed  nerve. 
In  this  present  research  some  experiments  were  performed  upon  animals 
in  which  either  the  peroneal  or  the  sciatic  nerves  were  cut  from  2  to 
10  days  previous  to  the  experiments.  Somewhat  variable  results  were 
obtained  but  this  variation  was  due  to  the  degrees  of  inflammation  in 
the  sectioned  limbs.  A  dilation  was  never  observed  in  limbs  in  which  ' 
there  existed  marked  inflammation  and  edema.  In  eleven  animals  in 
which  healing  took  place  without  infection,  the  vessels  responded  with 
dilation  to  adrenalin  as  well  as  did  the  vessels  of  normal  uninjured 
muscles. 

Figures  3  and  4  are  records  obtained  from  animals  in  which  the 
nerves  had  been  cut  4  and  6  days,  respectively,  previous  to  the  experi- 
ments. In  the  former  the  peroneal,  in  the  latter  th«  sciatic  nerve  was 
sectioned.  In  order  to  make  sure  that  the  vasomotor  center  was 
inoperative  on  the  area  drained  by  the  venous  cannula  the  sciatic 
nerve  was  cut  just  before  figure  3  was  made.  As  a  result  no  chat^  in 
blood  flow  was  not«^.     At  the  point  indicated  in  the  record  0.5  cc. 
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•dren&lm  (1 :  100,000)  was  injected  intravenoii^y.  There  resulted  a 
Eall  in  blood  pressure  from  124  to  90  mm.  of  mercury  with  a  resultant 
iocrease  in  flow  of  blood  through  the  muscle  from  25  to  43  drops  per 
30  seconds.  In  figure  4,  0.5  cc.  of  adrenalin  (1 :  100,000)  slowly  in- 
jected intravenously  caused  a  fall  of  blood  pressure  from  98  to'74  mm. 
of  mercury  and  an  increase  in  the  rate  of  blood  flow  from  90  to  150 
drops  per  30  seconds. 


Fig.  5.    Perfused  limb  with  oerve  intact;  0.5  cc.  ot  1: 100.000  adrenalin. 

In  two  animals  with  denervated  limbs  all  the  muscles  were  severed 
at  the  thigh  leaving  only  the  artpry  intact  and  the  fomur  to 
support  the  anterior  tibial  muscle  and  other  muscles  of  the  lower  log. 
In  both  instances  when  there  could  be  no  possible  connection  with  a 
vasodilator  center  there  rcsultetl  from  injections  of  0.5  cc.  of  adrenalin 
(1:100,000)  the  usual  vasodilation. 

In  the  animals  in  which  the  nerves  were  cut  some  time  previous  to 
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the  experiment  an  increaee  in  the  blood  flow  was  obtained  even  wito  b 
blood  pressure  as  low  aa  30  mm.  of  mercury.  It  was  observed  that 
a  larger  dose  of  adrenalin  was  necessary  to  produce  vasoconstriction. 


Fig.  6.    PerTuged  limb  with  nerve  intact;  0.5  ce.  of  1: 10,000  adrenalin. 

In  one  animal  with  nerve  cut  6  days,  3  cc.  adrenalin  {1: 100,000)  rapidly 
injected  was  necessary  to  produce  vasoconstriction,  whereas  0.1  to  0.5 
cc.  {1: 100,000)  produced  the  same  result  in  the  limb  in  which  the 
nerve  had  just  been  severed. 
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PerfiMion  experimenU.  Eleven  experiments  were  performed  upoD 
animals  in  whicli  the  limb  was  perfused  with  oxygenated  Ringer's 
solution  or  oxygenated  defibrinated  blood  at  a  constant  temperature. 
This  varied  in  the  different  animals  from  37°  to  38.5°C.  but  was  con- 
stant for  each  experiment.  The  pressure  for  the  perfusion  fluid  was 
90  cm.  of  water.  The  flask  containing  the  perfusion  fluid  was  placed 
within  a  container  filled  with  water  at  a  constant  temperature  of 
S&.S'C.  The  fluid  then  flowed  into  a  100  cc.  flask  placed  within  another 
container  through  which  a  stream  of  water  at  38.5°C.  ran  to  maintain 
a  constant  temperature  within  the  perfusion  flask.  In  order  to  make 
sure  that  the  temperature  was  constant  a  thermometer  was  placed  in 
the  perfusion  fluid  just  before  it  entered  the  cannula. 

The  limb  was  first  liga(«d  above  the  hock.  The  femoral  vein  and 
artery  were  isolated  without  injuring  the  nerves,  as  in  my  previous 
experiments,  and  ligatures  were  looped  looeely  around  them  tomake 
ready  to  insert  the  cannulae. 

The  abdominal  aorta  was  isolated  and  a  ligature  placed  loosely 
around  it.  The  venous  cannula  was  then  inserted  and  the  limb  tested 
for  normal  vasodilation.  The  artery  was  quickly  clamped,  a  cannula 
inserted  and  the  perfusion  started,  after  which  the  loop  around  the 
aorta  was  tightened.  This  reduced  the  manipulation  of  the  tissues 
between  the  normal  test  and  the  perfusion  test  to  a  minimum.  In  a 
few  experiments  one  limb  was  perfused  and  the  other  limb  was  bled 
from  the  venous  cannula.  In  all  but  two  cases  a  fall  in  blood  pressure 
was  obtained  by  injecting  0.5  cc.  1 :  100,000  solution  of  adrenalin  intra- 
venously. In  two  animals  this  amount  gave  a  rise  in  blood  pressure 
followed  by  a  fall.  In  every  instaiice  it  produced  a  dilation  of  the 
normal  intact  limb  (fig.  1)  but  no  change  in  the  perfused  limb  with 
the  nerve  intact  (fig.  5).  That  this  difference  in  reaction  cannot  be 
due  to  injury  through  manipulation  of  the  vessels  is  shown  by  the 
fact  that  the  normal  Umb  still  acts  by  vasodilation  to  small  doses  of 
adrenalin  and  that  a  fall  in  blood  pressure  is  still  obtained.  Moreover 
the  only  injury  caused  after  the  operations  on  the  normal  limb  is  that 
of  pliacing  a  cannula  in  the  previously  isolated  femoral  artery  and  the 
tying  of  the  ligature  already  looped  around  the  aorta.  If  adrenalin 
exerted  its  influence  entirely  through  a  vasodilator  center  it  should 
produce  the  same  results  in  these  two  cases  where  the  only  difference 
in  the  conditions  of  the  limbs  is  that  one  has  and  one  has  not  the  cir- 
culation intact. 

Dilation  of  the  perfused  limb  was  recorded  in  cases  where  much 
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stronger  Bolutions  (0.5  to  1  cc.  1 :  10,000  solution)  were  used.  In  every 
case  the  blood  pressure  was  markedly  increased  (fig.  6).  These  results 
corroborate  Hartman  and  Fraaer's  resulte  for  they  present  a  similar 
rise  in  blood  pressure  and  active  vasodilation. 

My  results  with  small  doses  of  adrenalin  (0.5  cc.  1: 100,000  solution) 
support  Cannon  and  Lyman's  view  and  Dale's  theory  based  upon 
experiments  with  ergotoxin  and  adrenalin  showing  that  adrenaUn  acts 
peripherally  rather  than  centrally.  With  large  doses  of  adrenaUn 
(0.5  to  2  cc.  1:  10,000  solution)  active  vasodilation  is  observed  in 
perfused  limbs,  which  fact  supports  Hartman  and  Eraser's  theory  that 
adrenalin  excites  a  vasodilator  center.  It  may  be,  however,  that  this 
dilation  is  due  to  depre^ion  of  Uie  vasoconstrictor  center  through 
increased  blood  pressure  (9).  Pilcher  and  Sollman's  (II)  experiments 
render  this  latter  view  untenable. 

SDUMABY 

Adrenalin  in  small  doaes  (0.5  to  2  cc.  1 :  100,000  solution)  produces 
active  dilation  of  the  vessels  in  cats'  muscles  when  the  nerves  are 
intact.  These  results  coincide  with  those  obtained  by  Hoskins,  Gun- 
ning and  Berry  experimenting  on  dogs  and  Hartman  and  Fraaer  on 
cats. 

In  my  experiments,  adrenalin,  in  any  strength,  produced  no  active 
vasodilation  in  muscles  in  which  the  nerves  were  recently  cut. 

Small  doses  of  adrenalin  (1: 100,000)  slowly  injected  intravenously 
produce  active  vasodilation  in  muscles  in  which  the  nerves  were  pre- 
viously cut  and  allowed  to  degenerate  from  2  to  10  days.  This  re- 
newal of  the  action  of  adrenalin  may  be  due  to  a  partial  recovery  of 
the  tonicity  of  the  vessel  walls. 

Small  amounts  of  adrenalin  (0.5  cc.  1:  100,000)  injected  intra- 
venously did  not  produce  vasodilation  in  the  eleven  experiments  in 
the  perfused  limb  intact  with  the  central  nervous  system.  A  fall  in 
blood  pressure  was  obtained  in  every  case  showing  dilation  somewhere 
in  the  vascular  system. 

In  perfused  limbs  large  amounts  of  adrenalin  (0.5  cc.  1 :  10,000) 
produced  active  vasodilation  accompanied  by  a  rapid  increase  in  blood 
pressure  followed  by  a  fall.  Hartman  and  Fraser  attribute  this  dila- 
tion to  excitation  of  a  vasodilator  center.  Further  work  is  necessary 
to  prove  conclusively  whether  or  not  this  vasodilation  is  due  to  depres- 
sion of  the  vasoconstrictor  center  by  the  increased  blood  pressure  or 
to  excitation  of  a  vasodilator  center  by  the  adrenalin. 
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The  vasodilation  in  muscles  caused  by  small  amouDts  of  adrenalin 
is  dependent  upon  the  tonicity  of  the  vessel  wall. 

Small  doses  of  adreniUin  (0.5  cc.  1 :  100,000)  bring  about  vasodilation 
by  their  action  on  the  peripheral  vasodilator  mechanism. 
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I.  Weak  acids  and  weak  alkalies  have  in  general  a  more  powerful 
physiological  action  than  would  be  predicted  from  their  ioniEation. 
The  explanation  of  this  condition  depends  in  part  upon  the  fact  that 
weak  acids  and  weak  alkalies  are  known  to  penetrate  cells  with  rela- 
tive ease  (9).  It  is  possible  to  utilize  the  observed  relative  speeds  of 
cell  penetration  by  different  acids  and  alkalies  in  attempting  to  ao- 
count  for  the  manner  in  which  these  substances  act  upon  receptor 
oi^ans  of  the  chemical  sense.  If  an  increase  in  the  permeability  of 
the  cell  surface  is  a  frequent  or  an  invariable  concomitant  of  the  proceos 
of  excitation,  it  is  important  to  discover  in  particular  instances  the 
rAle  played  by  this  change  in  permeability,  as  well  as  the  mtumer  in 
which  the  change  is  produced.  It  should  be  possible  to  obtain  smne 
light  upon  this  matter  through  the  study  of  receptor  organs  which 
may  be  normally  activated  by  direct  chemical  means. 

The  present  experiments  were  made  in  order  to  compare  the  stimu- 
lating powers  of  NaOH  and  NH4OH,  the  former  representing  the 
strong  alkalies  which  penetrate  cells  with  difficulty,  the  latter  a  weak 
alkali  entering  cells  with  ease  (6),  (5).  The  animals  used  were  earth- 
worms, Allolobophora  sp^,  obtained  from  a  "fertilizer"  pit  containing 
a  large  amount  of  earth  and  vegetable  material  together  with  a  small 
proportion  of  manure.  The  method  of  stimulation  has  been  described 
previously  (3);  the  worms  were  placed,  one  at  a  time,  upon  a  low 
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ridge  separatmg  two  shallow  t&nka,  one  of  these  coDtaining  an  activat- 
ing solution,  the  other  holding  boiled  rain  water.  At  the  momeDt  of 
adjustment,  the  worm  was  situated  with  one-half  in  the  stimulating 
solution,  the  other  end  being  in  water.  The  stimulated  part  was,  aa 
a  result,  caused  to  be  pulled  into  the  water.  The  time  occupied  by 
this  movement,  that  is,  from  the  instant  of  adjustment  in  the  activat- 
ting  solution  until  the  part  concerned  had  been  retracted  from  this 
solution,  was  measured  with  a  stopwatch. 

The  interval  bo  timed  is  r^^rded  as  an  indication  of  the  intensity 
of  the  activation  of  the  wonn  under  the  particular  conditions.  When 
precautions  are  taken  to  standardise  the  procedure,  using  worms  of 
uniform  size  and  previous  history,  it  is  possible  to  obtain  in  these 
experiments  "retracttoD-time"  figures  which  are,  to  a  fiurly  high  degree, 
reproducible  in  successive  experiments. 

In  these  tests  the  posterior  half  of  the  worms  was  stimulated,  «nce 
it  was  desired  to  eliminate  consideration  of  the  special  sensitivity  of 
the  prostomium,  and,  in  addition,  to  apply  to  the  gross  "retraction- 
time"  figures  as  measured  a  correction  increasing  their  si^iificance. 
This  "correction"  consisted  in  taking  accoimt  of  the  fact  that  stimula- 
tion of  the  posterior  end  of  the  worm  (when  not  too  intense)  merely 
inctcaaes  its  normal  tendency  to  move  in  an  tuiterior  direction;' while 
there  is  an  appreciable  mioimum  time  required  for  the  fastest  possible 
retraction  ot  the  worms;  this  correction  seems  legitimate  because  only 
one  principal  type  of  motor  response  is  being  considered  (which  is  not 
the  case  with  anterior  stimulation  according  to  this  method).  For 
most  purposes  it  proved  sufficient  to  subtract  from  each  average  "re- 
traction-time" the  average  shortest  interval  required  for  retraction, 
since  this  factor  would  be  appreciable  only  under  conditions  of  rapid 
movement  following  strong  stunulation  of  the  worm.  The  percentage 
increase  in  rapidity  of  movement  of  the  worm,  induced  by  each  stimu- 
lating solution,  may  also  be  calculated  upon  the  basis  of  an  ascertained 
average  rate  of  progression  when  a  special  stimulant  is  absent;  this 
procedure  is  less  accurate  than  the  former,  and  leads  qualitatively  to 
the  same  conclusions  as  the  simpler  method  first  outlined. 

The  "reduced  retraction-time"  figures  are  regarded  as  inversely 
proportional  to  the  intensity  of  the  activation  experienced  by  the 


II.  Average  measurements  of  the  "retraction-times"  of  the  earth- 
worm from  solutions  of  NaOH  and  of  NH4OH  are  given  in  tables  1 
uid  2  (see  also  fig.  I).    These  figures  are  each  the  average  of  twenty 
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determinations.  A  single  earthworm  was  used  but  once,  thus  avoiding 
"after  effects."  The  averages  were  reduced,  as  previously  described, 
by  subtracting  from  each  figure  the  minimum  time  required  by  these 
worms  to  effect  the  creeping  movement  of  retraction.    This  amounted 

TABLE  1 

Setraetion-time  of  eartkmirmt  from  NsOH  »olut\on$;    eoneentrattoa  ■  AT,  X  10*; 
R.T.  -  Te&aelion-limt.  1710. 


looa 

NXW 

R.T, 

ST. 

t*e»nd. 

62.5  ■ 

6.00 

200.O 

60.0 

6.40 

185-0 

37.5 

7.25 

138.0 

2E.0 

11.6 

86.2 

12.S 

18.9 

62.0 

..         6.2 

M.3 

22.6 

fi.O 

50.0 

20.0 

R.T. 

UU 

Nxil* 

HCOOJ. 

125.0 

4.11 

244.0 

119.0 

4.80 

2080 

95.3      ' 

6.62 

161  0 

81.7 

8.50 

118.0 

61.2 

11.2 

89.2                  1 

56.5 

11.3 

88.6 

60.0 

13.8 

72.6 

40.9 

19.8 

ao.6 

31.2 

17.1 

68.6 

30.6 

15.6 

64.6 

25.0 

26.7 

37.5 

20.4 

31.9 

31.4 

16.3 

40.6 

24.6 

to  1.3  seconds,  and  was  obtained  from  tests  made  with  worms  stimu- 
lated several  times  in  quick  succession;  the  correction  figure  cannot  be 
obtained  from  experiments  with  concentrated  solutions  because  of 
their  toxic  effect. 
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Fig.  1.  Retraction-time  'of 
earthfrormB  from  alkaline  aolu- 
tioDS.    8m  tables  1,  2. 
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The  solutions  employed  were  pre- 
pared by  finding  a  maximum  concen- 
tration of  each  alkali  which  would 
permit  normal  escape  of  the  worms 
without  producing  obvious  toxic  con- 
sequences. Dilutions  were  then  made 
from  such  a  solution,  analysed  by  ti> 
tration,  and  tried  in  succession. 

Within  the  limit  of  error  imposed  by 
the  nature  of  these  experiments,  the 
results  agree  satisfactorily  with  the 
requirements  of  the  principle  of  mass 
action.  For  each  alkali,  over  a  con- 
siderable range  of  concentrations,  the 
product  of  the  concentration  of  alkali 
by  the  (corrected)  "retraction-time" 
is  sensibly  constant.  The  individual 
observations  deviate  from  the  rule  to 
the  extent  shown  graphically  in  figure 
2,  where  the  logarithm  of  the  concen- 
tration is  plotted  against  logarithm 


The  average  "mass  action  constants"  were  used  in  drawing  the 


R.  T: 

straight  lines  shown  in  figure 
2;  the  slope  of  these  lines  is 
45°. 

If  the  degree  to  which  the 
earthworm  is  stimulated  by 
alkali  depends  upon  the 
amount  or  concentration  of  a 
substance,  S,  formed  in  its 
receptors  through  the  action 
of  alkali  upon  some  receptor 
constituent,  the  rate  of  forma- 
tion of  S  should  be  propor- 
tional to  the  concentration  of 
alkali,  according  to  the  law 
of  reactions  of  the  first  order. 
In  the  present  instance,,  the 
intensity    of    stimulation     is 


Zog-conc 


Fig.  2.  The  stimulating  efficiency  of 
alkaline  aolutioDS  (measured  by  the  recip> 
rocal  of  the  retraction -time  of  the  earth- 
worm), plotted  against  coDcentration  of 
alkali. 
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assumed  to  be  directly  measurable  by  the  reciprocal  of  the  (cor- 
rected) "retraction-time,"  hence  the  product  (retraction-time)  X 
(concentration  of  alkali)  should  be  constant  for  each  alkali,  as  is  found 
to  be  the  case. 

It  should  especially  be  noted  that  the  "time"  here  considered  does 
not  have  the  significance  of  (  in  the  reaction  velocity  equation.  This 
"t'me"  is,  it  is  true,  roughly  equivalent  to  the  period  during  which 
the  worm  has  remained  in  the  alkaline  solution;  and  from  this  stand- 
point a  parallel  might  be  suggested  between  the  outcome  of  these 
experimenta  and  such  a  condition  as  that  described  by  Lillie  (8)  with 
regard  to  the  activation  of  Asterias  eg^  by  butyric  acid.  In  each  of 
these  instances  a  definite  physical  result  appears:  the  starfish  e^p 
form  a  normal  fertilisation  membrane,  the  earthwonns  move  out  of 
the  stimulating  solution;  and  in  both  cases  the  time  required  to  effect 
this  physical  result  is  inversely  proportional  to  the  concentration  of 
the  activating  agent  (within  physiological  limits).  But  this  analogy 
is  readily  seen  to  be  inadequate.  When  the  worm  is  placed  in  alkali 
it  b^ins,  after  an  interval  which  varies  with  the  concentration  of 
alkali,  to  creep  forward,  and  the  "retraction-time"  as  measured  with 
the  stopwatch  includes  this  period  as  well  as  a  following  one  during 
which  (at  a  rate  depending  upon  the  activity  of  the  worm)  a  gradually, 
decreasing  length  of  the  animal  is  being  exposed  to  the  action  of  the 
alkalij  the  sensitivity  of  the  skin  of  the  earthworm  is  different  at  dif- 
ferent axial  levels.  For  these  reasons  the  "  retraction-time"  may  not 
be  regarded  ae  a  measure  of  the  time  of  action  of  the  alkali.  There  is 
some  reason  to  believe  that  the  actual  period  of  stimulation  may  be 
very  brief  indeed,  and  amount  only  to  a  fraction  of  the  total  "retrac- 
tion-time" (except  for  the  highest  concentrations  used). 

On  the  other  hand,  the  constancy  of  the  relation  illustrated  in 
figure  2,  which  is  significantly  displayed  also  in  the  effects  of  acid 
solutions  (cf.  the  following  paper),  fully  justifies  the  contention  that 
the  intensity  of  activation  of  the  earthworm  is  directly  proportional  to 
the  acting  concentration  of  alkaU. 

From  this  fact  alone  it  cannot  be  concluded  that  a  "  monomolecular" 
reaction  is  at  the  basis  of  stimulation  in  this  case.  The  same  equation 
applies  in  other  heterogeneous  reactions,'  such  as  the  solution  of  a 

'  The  Htiinulation  of  the  slctn  of  aD  earthwonn  by  immeraing  the  auinial,  or  a 
part  of  it,  in  ■  solution  brings  into  play  several  sources  of  "heterogeneity." 
The  earthworm  is  covered  with  a  resistant  cuticle  pierced  by  nephroporea,  gland 
eell  openingi,  and  numerous  apertures  through  which  access  is  hod  to  the  spe- 
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metal  ptate  by  acid ;  in  that  case  hydrodiffusioo  of  acid  (governed  by 
the  concentration  of  acid  in  the  body  of  the  solution)  is  the  slowest, 
or  Umiting,  process  the  speed  of  which  is  measured  in  estimatiog  the 
course  of  the  reaction  (13).  Such  a  process  has,  however,  a  low  tem- 
perature coefficient,  that  of  hydrodiffusioo.  Some  figures  given  by 
Shohl  (21)  point  to  a  temperature  coefficient  of  Qw  =  2  +  for  the 
stimulation  of  the  anterior  end  of  the  earthworm  by  alkah  (NaOH); 
this  finding  I  c&n  confirm,  for  the  poeterior  end,  fi^im  experiments  with 
NaOH  and  NH4OH  in  which  the  observations  were  corrected  for  the 
effect  of  temperature  upon  the  rate  of  locomotion  of  the  worms,  which 
were  at  the  same  temperature  as  the  activating  solutions  (20). 

It  may  therefore  be  suggested  that  sensory  activation  in  this  case 
depends  upon  a  reaction  between  the  alkah  and  some  constituent  of 
the  receptor  cells.  It  is  to  be  supposed  that  this  reaction  is  "rever- 
sible," and  that  it  conforms  to  the  law  of  reactions  of  the  first  order. 

"  Monomolecular"  effects  of  this  type  are  encountered  in  the  meas- 
urement of  toxicity  (19),  (16),  and  in  the  action  of  salts  -on  proto- 
plasmic permeability  (14);  apparently  the  action  of  NaOH  in  produc- 
ing an  increase  in  the  permeabihty  of  protoplasm  also  follows  this  law, 
according  to  Osterhout's  measurements  (15).  A  similar  interpretation 
has  been  put  upon  the  course  of  erythrocyte  haemolysis  by  bases 
(Arrhenius,  cited  by  Lillie,  (8)  ). 

The  fact  that  the  response  which  is  here  regarded  as  a  measure  of 
the  intensity  of  stimulation  does  not  follow  the  Weber-Fechner  rule, 

eialiied  distal  ends  of  sensory  cells.  These  sensory  cells  are  presumed  U)  be 
eoQcemed  in  chemoreception,  since  when  tmidl  areas  of  the  worm's  surface  are 
stimulated  the  reaction  time  of  the  worm  varies  inverwly  with  the  number  of 
sense  organs  in  that  area  (1).  Whether  or  not  all  the  sense  organs  in  the  pos- 
terior region  of  the  worm  are  activated  by  immersion  in  alkali,  cannot  be  decided, 
but  it  seems  probable  that  a  sufficient  number  of  them  is  always  stimulated  to 
overcome  the  objection  that  the  number  of-  sense  organs  activated  determines 
the  speed  of  locomotion  of  the  worm  (as  might  be  the  coee  if  the  "all  or  none" 
principle  were  applied).  This  objection  is  likewise  ctunbatted  by  experiments 
in  which  varying  lengths  of  the  norms  were  immersed  in  alkali.  These  tests 
gave  no  indication  that  the  degree  of  stimulation  effected  is  proportional  to  the 
total  area  of  the  worm  acted  upon.  The  "specific  excitability"  of  the  worms 
varies  for  different  regions  of  the  animal's  surface,  as  previously  stated,  but  no 
evidence  has  been  obtainable,  from  a  great  number  of  testa  with  various  sub- 
stances, that  there  exist  any  specialisations  into  different  kinds  of  cbemorecep- 
tors  (such  as  the  salt-,  acid-  or  bitter-sensitive  organs  on  the  human  tongue), 
but  it  is  possible  that  in  some  cases  free  nerve  terminals  of  a  'common  chemical' 
sense  are  concerned  in  stimulation. 
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need  cause  no  inconvemeDce  in  tbia  connection,  since  we  know  of  other 
instances  where  the  motor  result  is  directly  proportional  to  the  physical 
intensity  of  the  activating  agent — such  as  those  photic  reactions  which 
obey  the  Roscoe-Bunsen  law,  (II),  (18).  Weber's  rule  appears  to 
hold  particularly  when  it  is  a  question  of  the  balance  or  discrimination 
between  two  stimulating  intensities  acting  either  simultaneously  or  in 
quick  succession,  upon  the  same  receptive  area;  for  example,  in  certain 
kinds  of  salt  antagonism  (10),  (17),  or,  in  the  case  of  the  eye,  when 
the  retina  has  become  "adapted"  to  one  li^t  intensity  before  being 
acted  upon  by  another. 

III.  It  remains  to  compare  the  stimulating  powers  of  NaOH  and 
NH«OH;  the  latter  is  much  more  effective  than  if  the  C™  external 
to  the  worm  were  the  determiner  of  activation.  This  difficulty  is 
similar  to  that  arising  in  connection  with  other  physiological  actions 
of  ammonia,  concerning  which  some  complicated  explanations  have 
been  advanced  (12).  It  is  well  known  that  ammonia  easily  penetrates 
to  the  interior  of  cells.  From  Harvey's  measurments  (6)  it  appears 
that,  on  the  average,  at  equal  concentrations,  NH«OH  penetrates  cells 
ninety  to  one  hundred  times  more  rapidly  than  NaOH;  while  in  a 
purely  chemical  action,  such  as  the  saponification  of  esters,  the  activity 
of  NaOH  may  be  as  much  as  two  hundred  times  as  great  as  that  of 
NH4OH  (measured  by  the  amount  of  ester  saponified). 

If  the  activation  of  a  sense  organ  by  alkali  be  proportional  to  the 
extent  of  chemical  change  induced  by  the  stimulating  agent,  then  we 
mi^t  expect  the  amount  of  receptor  material  transformed  to  be  pro- 
portional to  the  chemical  activity  of  the  base  and  inversely  propor- 
tional to  the  difficulty  experienced  by  the  base  in  penetrating  Uie  sur- 
face of  the  cell.  Assuming  the  receptor  cells  not  to  differ  greatly  from 
the  generality  of  cells  so  far  as  their  penetrability  is  concerned,  we 
'  might  expect  in  the  present  case  to  find  NaOH  two  to  three  times  as 
effective  as  NH4OH.  The  extrapolated  stimulating  powers  of  unit 
concentrations  of  NaOH  and  of  NH4OH,  that  is,  the  "mass  action 
constants"  in  figure  2,  are  in  the  ratio  2.4:1.  This  is  consistent  with 
the  assumptious  above  made,  since  NH4OH  diffuses  very  rapidly  into 
the  surface  layer  of  the  cell,  while  the  action  of  NaOH  must  be  re- 
stricted to  the  very  outer  surface  of  the  receptor  (6),  (2) — hence  slow 
diffusion  processes  do  not  hinder  the  clearness  of  the  result.*    The 

*Hwey'fl  data  (7)  od  the  penetration  ot  cells  by  Btrong  bydrondea  sugiMt 
that  the  speeds  o(  penetration  (neutral  red  method)  are  nearly  proportional  to 
the  square  of  the  concentration.  The  actual  time-intervals  involved  ar«  long, 
and  probably  intracellular  diffusion  complicates  the  phenomenon. 
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whole  process  of  stimulBtion  must  take  place  at,  and  in,  tbe  surface  of 
the  cell,  since  the  time  of  action  is  so  brief. 


The  chemically  sensitive  surface  of  the  earthworm  is  acted  upon  by 
NaOH  and  NH4OH  in  such  a  way  that  for  each  alkali  the  degree  of 
activation,  measured  by  its  effect  upon  the  resulting  movements  of  the 
worm,  is  directly  proportional  to  the  concentration  of  alkali.  Reasons 
are  given  for  regarding  this  fact  as  evidence  that  a  chemical  reaction 
with  some  portion  of  the  surface  of  the  receptor  elements  is  the  essential 
feature  of  stimulation.  From  this  point  of  view  ^  increase  in  the 
permeability  of  the  receptor  cell  surface,  if  it  occurs,'  is  to  be  regarded 
as  a  consequence  of  activation,  and  not  the  essential  determiner  of 
stimulation. 
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I.  This  paper  deals  with  experimeata  undertaken  to  determine  in  a 
quantitative  manner  the  relative  effects  of  different  acid  solutions 
upon  organs  of  chemical  sensitivity.  In  order  to  secure  some  idea  of 
the  method  of  sensory  activation  by  acids,  comparisons  are  made  with 
observations  regarding  the  penetration  of  cells  by  acids.  The  animal 
used  in  the  experiments  upon  the  activating  effects  of  acids  was  a 
common  earthworm,  Allolobophora  sp.,  obtained  in  heaps  of  manure 
and  decaying  vegetable  material.  The  method  of  experimentation  has 
been  described  previously  (6).  The  stimulation  figures  obtained  in  the 
present  tests  have  to  do  with  the  activation  of  the  posterior  end  of  this 
worm  and  are  not  directly  comparable  with  such  data  as  those  pre- 
viously given  (4)  for  somewhat  dmilar  tests  made  upon  the  anterior 
end  of  the  worm.  Detailed  work  has  been  limited  to  posterior  stimu- 
lation, because  in  this  way  a  uniform  type  of  response  forms  the  basis 
of  measurement,  and  the  special  sensitivity  (to  osmotic  differences, 
for  example)  of  the  prostomium  and  of  the  semi-protrusible  buccal 
epttheUum  is  at  the  same  time  eliminated  from  consideration.' 

The  assumption  is  made,  in  interpreting  the  measurements  of  time 
occupied  by  the  retraction  of  the  posterior  half  of  the  worm  stimulated 
by  immersion  in  acid,  that  the  reciprocal  of  the  average  "retraction- 
time,"  which  varies  systematically  with  the  concentration  of  acid,  is 
directly  proportional  to  the  degree  of  activation  of  the  worm.  By 
"retraction-time"  is  meant  the  average  observed  time  (in  seconds) 
required  for  retraction  from  the  stimulating  solution,  corftcted  by  the 
subtraction  of  a  figure  representing  the  "impedence"  of  the  worm, — 

■  The  earthworm  and  the  foot  of  the  spinal  frog  are  perhapa  the  moat  favorable 
for  quantitative  experiments  of  this  nature,  but  it  ia  necessary  to  point  out  that 
for  the  int«rpretation  of  results  from  these  two  sources  somewhat  different 
considerations  are  required. 

12.1 
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the  mechaniciU  resistance  to,  or  diaadvantage  of,  tta  method  of  pro- 
gression. The  "correction"  ia  obtained  from  experiments  designed  to 
show  the  minimum  time  required  for  the  fastest  possible  retraction  of 
worms  of  the  constant  size  used  in  the  stimulation  experiments.*  The 
correction  was  found  =  1.2  to  1.3  seconds,  at  the  temperature  of  these 
experiments  (27"). 

In  using  this  method  it  is  not  possible  to  study  the  action  of  solutions 
which  lead  to  retraction-times  greater  tha*i  would,  on  the  average,  be 
due  to  the  nonnal  locomotor  speed  of  the  worms  under  the  given  con- 
ditions, about  65  seconds, — although  it  is,  of  course,  possible  that 
under  some  conditions,  such  solutions  should  stimulate.  The  mini- 
mum working  retraction-time  is  therefore  about  2  seconds,  the  maxi- 
mum about  60  seconds.  But  between  these  limits  certain  charac- 
teristic features  of  activation  by  the  different  acids  used  are  sufBcientJy 
made  clear. 

Two  aeries  of  acids  were  considered.  Certain  other  series  will  sub> 
sequently  be  reported  upon.  In  the  first  set  of  experiments  the  chloro- 
acetic  acids  were  compared  with  acetic  and  with  hydrochloric,  and  in 
the  second,  the  activities  of  monobasic  fatty  acids  were  compared. 

TABLES 

Note;  In  each  of  the  following  tables,  excepting  Table  5,  Cone,  aignifies  eon- 

centration  X  lO'N;  R.T-  means  the  corrected  average  retraction  time,  in  seconda. 


TABLE  1 

lUonochloroacetic 


T.ULE  1 

Dichloroacetie 


TABLE  1 

Triehloroaeelie 


t'STT; 

R.T. 

fi9.8 

0.7 

29.9 

1.2 

25.0 

1.4 

16.0 

2.2 

12.0 

4.S 

10.0 

6.9 

e.o 

21.7 

s.";s; 

a.T. 

20.0 

1.0 

14.fi 

1.3 

8.7 

5.5 

7.3 

4.8 

S.S 

5.7 

4.4 

26.4 

2.9 

46.0 

^•^. 

R.  r. 

13.0 

l.fl' 

10.4 

1.2 

7.8 

3.7 

6.5 

4.0 

5.2 

4.1 

3.9 

28.0 

2.6 

40.0 

*  Tbia  minimun)  time  is  not  always  identical  with  the  quickest  retraction 
time  observed  with  increasing  concentrations  of  acid;  the  retraction  time  v». 
concentration  curves  frequently  pass  through  a  minimum  point,  the  lengthening 
retraction  periods  at  bigtier  concentrations  representing  the  incidence  of  new 
types  of  response,  such  as  writhing  movements;  very  toxic  solutions  also  retard 
the  speed  of  movement,  and  frequently  result  in  autotomy,  (10). 
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TABLE  4 
HCl 


CONCUTTanTION 

«.  r 

CXR.T. 

c-«  X  «.  r. 

2S.6 

3.8 

lOI 

22.1 

6.2 

115 

17.0 

6.0 

111 

16.8 

7.1 

118 

u.s 

7.4 

110 

11.0 

g.3 

102 

8.3 

12.S 

104 

8.0 

13.4 

108 

6.6 

17.6 

118 

(768) 

fi.S 

25.7 

(!«) 

780 

4.4 

40.8 

(179) 

792 

3.7 

57.0 

(211) 

781 

Mflan 

IIO'-S 

(784) 

II.  Tables  1  to  4  and  7  contain  a  sunnnary  of  the  resulta  obtained 
with  the  chloroscetic  acids,  hydrochloric,  and  acetic  acid.  These  data 
(excepting  that  for  acetic)  are  plotted  in  figure  I.  The  procedure  con- 
sisted in  finding  by  trial  the  highest  concentration  of  each  acid  which 
would  produce  normal  retraction  without  entailing  immediate  toxic 
consequences.  DihiUons  were  then  made  from  this  concentration,  and 
analyzed  by  titration.  The  retractton-timea  listed  in  the  tables  are 
each  the  average  of  twenty-five  independent  observations  on  twenty- 
five  different  worms. 

There  is  a  certain  unevenness  in  the  data  for  di-  and  trichloroacetic, 
which  is  greater  than  that  found  with  the  other  acids,  and  has  re- 
peatedly appeared  in  other  series  of  tests  not  here  recorded.  This 
may  be  due  to  the  very  rapid  increase  of  stimulating  power  with 
increasing  concentration  of  acid  (tending  to  magnify  errors  of  the  ex- 
periment), or  may  be  directly  due  to  the  complex  nature  of  the  stimula- 
tion process  with  these  substances.  The  curves  are,  however,  suffi- 
ciently separate  to  show  that  the  general  order  of  stimulating  effi- 
ciency is 

acetic  <  mono—  <  di—  <  trichloroacetic. 
This  order  is  not  preserved,  but  becomes  significantly  irr^^lar,  when 
solutions  of  equal  hydrogen  ion  content  are  compared  (fig.  2). 

Over  a  considerable  range  the  stimulating  power  of  the  chloroacetic 
acids  increases  more  rapidly  than  the  square  of  the  concentration. 
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Fig.  1.  Showing  the  reUtion  between  the  reciprocal  of  the  "retraction-time" 
of  eorthwonns  from  solutions  of  the  chloroacetic  acids  and  HCI,  and  the  con- 
centration of  acid. 
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In  this  respect  they  differ  from  acetic  acid,  and  from  the  more  con* 
c«itrated  solutions  of  HCl.  The  latter  curves  indicate,  as  in  the  case 
of  baaea  (6),  that  chemical  combination  with  some  receptor  constitu* 
ent  may  be  at  the  basis  of  activation.  In  the  more  dilute  solutions 
of  HCl  the  stimulating  power  is  proportional  to  the  square  of  the 
concentration. 

It  may  be  suggested  that  in  the  chloroacetic  series  several  factors 
are  involved  in  stimulation.  Some  light  is  thrown  upon  the  natiue  of 
these  factors  by  the  following  considerations. 

a.  From  the  quantitative  study  of  cell  penetration  by  adds  it  has 
been  found  that  the  speed  of  penetration  of  an  acid  is  proportional 
to  a  fractional  power  of  the  acid  concentration  up  to  a  certain  concen- 
tration, beyond  which  the  speed  of  penetration  increases  very  rapidly. 
When  plotted  in  the  form 


^{^y 


-hgC-hgK,- 


where  P.T  "  the  (corrected)  penetration-time,  C  =  the  concentration 
of  acid,  and  £  is  a  constant  for  each  curve  (or  part  of  the  curve), — the 
resulting  figures  are,  for  each  acid,  characteristically  composed  of  two 
intersecting  straight  lines.*  The  concentrations  at  which  the  acids 
begin  to  penetrate  tissue  with  greatly  augmented  velocity  are,  in  the 
case  of  HCl  and  the  chloroacetic  acids,  significantly  correlated  with 
those  at  which  they  produce  maxima  in  the  viscosity  curves  of  protein 
solutions.  According  to  Pauh,  the  concentrations  at  which  these  acids 
produce  maxima  in  the  viscosity  curves  of  albumen  solutions  are  as 
given  in  the  last  column  of  table  5  (quoted  from  Ostwald  (26) ).  Simi- 
lar relations  hold  for  other  proteins.  The  second  column  of  table  5 
shows  the  concentrations  at  which  an  abrupt  increase  occurs  in  the 
speed  with  which  these  acids  penetrate  an  indicator-containing  tissue 
(Cbromodoris) .  The  first  column  of  this  table  lists  the  maximal  con- 
centrations at  which  these  acids  could  be  used  to  stimulate  earthworms; 
at  concentrations  higher  than  tiieae,  toxic  effects  resulted  in  less  than 
1  second,  so  that  the  worm  did  not  escape  from  the  acid  solutions. 

'The  correction  factors  involved  in  this  treatment  are  obtained  diractly 
(without  Bssuniptiaiu)  from  the  empirically  determined  penetration  curve*. 
A  diacusaion  of  this  matter  will  appear  elsewhere.  Some  of  the  data  are  con* 
tained  in  previouB  papers  (4),  (5).  but  a  good  deal  ia  as  yet  unprinted.  The 
equation  given  above  is  derivable  from  the  well  known  formula  for  adsorption 
at  constant  temperature;  but  it  does  not  refer  to  the  atUorption  of  acid,  in  the 
penetration  experiments. 
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The  parallelism  in  these  series  of  figures  is  on  all  esseotial  points 
complete,  and  demonstrates  the  implication  of  cell  proteins  in  the 
process  of  activation  by  these  acids. 

b.  The  operation  of  at  least  two  factors  in  sensory  stimulation  by 
these  acids  is  seen  in  the  way  according  to  which  the  stimulating  power 
is  related  to  the  hydrogen-ion  concentration.  The  hydrogen-ion  con- 
tent of  the  acid  solutions  used,  calculated  from  standard  conductance 
data,  is  plotted,  in  figure  2,  against  the  "retraction-time;"  formic  acid 
(observations  in  table  6)  is  included  In  this  figure.  It  is  found  that 
for  a  given  "retraction-time"  (which  ia  a  reciprocal  measure  of  the 
activating  power)  the  hydrogen  ion  concentration  required  decreases 
in  the  following  order: 

HCl  >  di  —  >  tri  —  >  moaochloroacetic  >  acetic 

TABLE  t 
Shomng  the  maximal  eoneenlTdliont  for  ttimulalion  of  the  earthworm  (^Kmula- 
(ion),  the  eoneentration  at  which  a  rapid  increate  is  lAttrved  in  the  speed  of 
cell  pentlralion  {Pertelration),  and  the  loieett  eoneenlrationi  above  which,  ac- 
cording  to  Pauti,  the  ionizatxom  of  the  corretponding  protein  talU  are  dimin- 
ished (Effect  on  proteins).    AU  eoneenlroiion*  -  lO'N. 


•TtUITLATtOH 

raHaraAtioR 

nrnroM 

>]00 

63 
31 
13 
28 

100 
40 
23 
8.3 
24 

Monochlorio 

The  facts  to  which  attention  is  directed  in  a  and  b  can  be  understood 
upon  the  assuroptioa  that  that  characteristic  of  the  chloroacetic  acids 
which  determines  their  capillary  activity  cooperates  with  the  hydrogen- 
ion  concentration  in  effecting  stimulation,  and  that  (in  part,  at  least) 
this  stimulation  concerns  proteins  of  the  receptor  surface.  According 
to  the  ideas  developed  especially  by  Langmuir  (12),  the  capillary 
activity  and  lipoid  solubility  of  these  acids  are  together  and  simul- 
taneously determined  by  the  nature  and  orientation  of  the  component 
parts  of  the  acid  molecules  at  the  surface  of  their  (aqueous)  solutions. 
That  surface  effects  are  primarily  concerned,  is  indicated  by  the  very 
brief  time  required  for  the  process  of  excitation  (cf.  4),  as  well  as  by  the 
relative  activities  of  the  monobasic  fatty  acids  (fig.  3)  which  are  sub- 
sequently discussed. 
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It  16  coQcetvabte  that  the  effects  here  considered  have  reference  to 
the  complex  constructioD  of  the  cell  surface,  which  is  independently 
indicated  by  a  great  variety  of  considerations  (1,  p.  129);  (Id);  cf. 
also  (28).  In  this  connection  use  may  be  made  of  the  relative  speeds 
of  cell  penetration'  by  the  acids.    There  is  a  uniformity  in  the  results 


10 

Cooc  lH+1  X  ID"  N, 

Fig.  2.    Showing  the  relation  between  retr&ctioD-time  uid  the  (calculated) 
hydrogen-ion  concentnitioD  of  certain  acid  solutiooa. 

which  different  observers  have  arrived  at  by  this  method  (cf.  (4),  (d), 
(7))  which  can  only  have  reference  to  some  general  fact  concerning 
protoplasmic  organization.  It  is  held  that  the  penetration  data  afford 
a  means  of  analysing  the  surface  composition  of  the  cell,  and  that, 
according  to  the  results  of  this  method,  both  lipoids  and  proteins  are 
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present  at  the  cell  surface.  Hence  it  is  possible  that  both  the  hydro- 
gen ions  and  the  remaining  portions  of  the  chloroacetic  acid  molecules 
are  concerned  in  stimulation,  and  act  upon  both  Upoids  and  proteins. 
The  effect  of  these  acids  upon  the  surface  tension  of  water,  and  their  af- 
finity  for — solubility  in — non-polar  fatty  substances  depends,  accord* 
ing  to  Langmuir  and  Harkins,  upon  the  orientation  of  the  molecules 
at  the  water  surface  in  such  a  manner  that  the  less  active  atomic  groups 
are  turned  away  from  the  aqueous  phase.  The  surface  activity  of  the 
chloroacetic  acids  increases  in  the  same  sequence  as  their  ionization,  so 
it  is,  then,  not  surprising  to  find  that  trichloroacetic  acid,  with  highest 
ionization  and  highest  surface  activity,  is  (at  equal  hydrogen-ion  con- 
centrations) more  efficient  as  a  stimulating  agent  than  dichloroacetic. 
In  this  way  it  can  abo  be  seen  why  the  chloroacetic  acids  are  more 
active  in  stimulation  than  is  HCl,  and  why  the  stimulating  i>ower 
should  increase  very  rapidly  with  increasing  concentration. 

This  view  requires  that,  part,  at  least,  of  the  activation  process 
should  include  chemical  action  upon  proteins.  Preliminary  experi- 
ments on  the  temperature  coefficient  of  8tim,ulation  indicate  for  the 
chloroacetic  acids  a  Qw  value  (20°— 30°)  of  2  +,  and  the  same  for 
HCI;  whereas  in  measuring  the  effect  of  temperature  upon  the  speed 
of  ceil  penetration  by  acids  the  coefficients  obtained  are  about  Qn 
(20°  —  30°)  =  1.9  —  2.0,  provided  one  considers  that  part  of  the  acid 
curve  where  penetration  is  rapid,  so  that  intracellular  diffusion  may 
be  discounted, — at  lower  concentrations  the  coefficients  are  of  the 
order  of  magnitude  for  diffusion  or  fluidity  (Qw  =  1.1  -  1.7)  (Cf.  22). 

III.  The  comparative  stimulating  powers  of  the  lower  monobasic 
fatty  acids,  from  formic  to  capryUc,*  reveal  interesting  but  not  unex< 
pected  relations.  Aside  from  formic  acid,  which  is  more  active  than 
valeric,  these  acids  follow  in  general  the  order  of  their  capillary  activity 
and  lipoid  partition  with  water.  Precisely  these  relations  are  seen  also 
in  the  penetration  of  cells  by  these  acids  (4),  (5).  The  figures  con- 
tained in  tables  6  to  12  are  plotted  logarithmically  in  figure  3. 

It  is  seen  that  for  each  of  these  acids,  excepting  the  lower  concen- 
trations of  caproic  and  capryUc,  the  product  (Cone.)  X  {Retraction'- 
lime)  is  essentially  constant.  With  lower  concentrations  of  caprylic 
and  caproic  acids  the  stimulating  power  is  more  nearly  proportional  to 
the  square  of  the  concentration.  This  may  be  the  result  of  some 
"error"  in  the  experimental  method  or  it  may  be  concerned  with  the 

*  The  normal  acida  were  uaed,  except  in  the  case  of  valeric,  where  the  t«o- 
arid  was  employed. 
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nature  of  the  activation  process  itself.  The  phenomena  in  dilute 
caprylic  and  caproic  solutions  are  therefore  more  comparable,  it  is 
bdieved,  to  that  in  dilute  HCl  solutions  (cf.  fig.  1)  than  to  the  curves 
of  the  cbloroacetic  acids.  The  squared-concentration  effect  appears 
in  very  dilute  solutions,  and  does  not  appear  in  more  concentrated 
solutions  of  other  fatty  acids  of  even  much  lower  stimulating  efficiency. 
One  may  therefore  hold  that  the  characteristic  action  of  the  weak 
acids  is  depicted  by  the  constants  derived  from  the  (C)  X  {R.T)  rela- 


Zcy  concMf^ 


Fig.  8.  Showing  the  reUtioa  between  the  reciprocal  of  the  "reaction-time" 
of  the  earthworms  from  solutione  of  fatty  acids  and  the  coDoentration. 

tions,  or,  in  other  words,  by  the  portions  of  the  curves  (fig.  3)  which 
slope  at  an  angle  of  45°. 

These  constants  vary  in  a  systematic  manner  with  the  effects  of 
these  acids  upon  the  surface  tension  of  water.  There  is,  however,  no 
ground  for  the  supposition  that  surface  tension  changes,  as  such,  are 
primarily  implicated  in  stimulation.  The  behavior  of  HCl  and  of 
formic  acid  is  significant  at  this  point,  as  is  also  the  fact  (6)  that  NaOH 
is  more  active  than  NHiOH.  There  is  no  indication  that  adsorptioo 
plays  a  part  in  the  activation  of  the  worms,  as  the  stimulation  curves 
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TABLE  ■ 
Formic 


TABLET 

AcMe 


p 

R.T. 

C.  X  ».  T. 

100 

so 

2S 
12. S 
10.0 
1   2.5 

1.25 
2.6 
6.0 
fl-8 

10.5 

60 

125 

125 
126 
12-3 
106 
(IM) 

Mea 

121*8 

\ 

R.T. 

C.V.R-T. 

103.5 

3.0 

310 

52 

5.8 

302 

42 

7.4 

311 

34.6 

8.5 

2M 

21. 

15,2 

319 

17.3 

18.0 

277 

10.0 

28.A 

2S8 

(6.0 

60.0 

336) 

Mean 

300*12 

TABtSI 

pTopitmie 


B.T. 

c-xB-r. 

8- 

110 

1.9 

300 

82.5 

3.6 

397 

55 

6.2 

276 

27 

6.8 

184 

22 

10,8 

240 

13.6 

15.4 

208 

13.5 

19. 8 

248 

6.1 

44 

268 

5.5 

59 

(324) 

Mew. 

241*31 

TABLE  R 

Btityric 


COHCKHTM- 

R.T. 

c.  X  R.  T. 

50 

4.1 

205 

3S 

5.8 

203 

2S 

9.4 

235 

21 

10.6 

220 

10 

IS.  8 

188 

9.2 

22.1 

303 

TABLE  II 

Caproie 


«,«ll™^ 

R.T. 

C.  X  R.  T. 

20 

3.0 

60.0 

15 

3.6 

64.0 

7.5 

6.4 

48.0 

6.0 

7.0 

42.0 

6.0 

(16.3) 

2.5 

(32.5)- 

Mean 

S0.S*S.0 

TABI£  ID 

Fofaie  (tao-) 


M.T. 

C.  X  B.  T. 

100 

1.4 

140 

76 

2.3 

185 

SO 

2.6 

130 

26 

7.7 

192 

20 

8.9 

178 

10 

14.8 

146 

TABLE  II 
Caprylie 


OOUCMTKi- 

R.T. 

C.  X  ».  T. 

41 

1.8 

7.38 

3.8 

3.3 

6.44 

2.0 

4.6 

9.00 

1.42 

6.0 

7.10 

1.0 

(11.1) 

0.7 

(25) 

0.5 

(60) 

Mean 

7.48*0.8 
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(fig.  3)  are  not  of  the  proper  shape  and  indeed  give  evidence  of  a  con- 
trary aignificance.  If  adsorption  (surface  condensation)  of  acid  upon 
the  receptor  oi^ans  were  a  deciding  process  in  stimulation,  we  should 
expect  to  find  that  some  function  of  the  form  (C.'^°)  X  (R.T.)  would 
be  constant  for  different  concentrations  of  any  one  add;  because  in 
the  commonly  used  equation 

i  -  KC^' 
m 

m  (the  adsorbing  surface)  is  by  the  method  of  experiment  made  con- 
stant,   and    because  the    degree  of  activation,  measured  by  ^~^> 

would  be  proportional  to  x  (the  amount  adsorbed), — or  to  a  logarithmic 
function  of  x,  in  cose  Weber's  rule  were  to  apply.  This  is  not  found  to 
be  the  cose.  It  is  doubtful  if  the  ordinary  adsorption  equation  can 
legitimately  be  applied  to  a  matt«r  involving  such  brief  time-intervals, 
but  in  any  event  some  simitar  expression,  involving  a  fractional  power 
of  the  concentration,  would  be  expected;  whereas  in  fact  the  amount 
of  activation  appears  to  be  proportional  to  the  concentration,  or  to 
the  square  of  the  concentration,  or  increasing  even  more  rapidly  than 
this.  According  to  Lillie  (14),  (15),  the  activation  of  starfish  eggs  by 
butyric  acid  follows  the  same  law  as  that  found  here  in  a  case  of 
sensory  excitation. 

Recent  work  on  surface  tension  has  demonstrated  that  the  "capillary 
activity"  of  the  fatty  apida,  as  well  as  their  effect  upon  the  interfacial 
tension  in  such  a  system  of  immiseible  phases  as  benzene-water,  de- 
pends upon  the  orientation  of  the  molecules  and  their  orderly  arrange- 
ment with  respect  to  the  surface  of  the  water  phase  (Lanpnuir,  (12) 
and  Harkina,  (8)  ).  With  the  dilute  solutions  here  studied  the  con- 
centration of  acid  at  the  interface  between  water  solution  and  the 
receptor  cell,  while  higher  than  that  within  the  body  of  the  solution 
(or  rapidly  becoming  so  soon  after  the  formation  of  this  interface 
by  the  immersion  of  the  worm),  may  nevertheless  be  considered  pro- 
portional to  the  formal  concentration  of  acid.  The  surface-activity 
of  these  acids,  at  corresponding  concentrations,  increases  by  a  constant 
amount  for  each  addition  of  CHt  to  the  molecule,  because  "each  CH| 
group,  in  these  solutions,  forms  a  part  of  the  surface,"  and  the  poten- 
tial energy  of  the  surface  is  therefore  correspondingly  increased  by 
a  constant  amount  (cf.  Langmuir's  discussion  of  the  data  of  Trauble 
and  others,  (12,  p.  1885  et  seq.).     The  stimuhtting  power  of  these 
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acids  should  iocrease  by  a  constant  amount  for  each  additjon  of  CHi 
to  the  acid  molecule  (neglecting  the  effects  of  isomerism,  which  are 
relatively  unimportant).  Figure  4  shows  that  this  expectation  is 
realized.  In  curve  A  the  abscissas  represent  the  number  of  CHt 
groups  in  the  molecule, from  formic  (0)  to  caprylic(7),the  corresponding 


Fig.  4.  A.  The  ordinates  ar«  the  concentrationa  (N  X  10*)  required  to  effeot 
a  definite  amount  of  Btimulation  (such  that  log  b~j  ~  3.00).  The  absciHsa 
are  the  numher  of  CHi-groups  id  the  molecules  of  the  ntoaobaaie  fatty  acids, 
from  formic  0  to  caprylic  7.  The  dotted  circles  are  drawn  with  a  radius  equal 
to  the  average  deviation  calculated  from  individual  ohservations  (cf.  tables  6  to 
12). 

B.  Against  the  same  abscissas  as  in  A  there  are  plotted  the  times  required 
to  effect  membrane  fonnation  in  60  per  cent  of  the  eggs  of  the  sea  urchin,  accord- 
ing to  experiments  tabulated  by  Loeb  (tfi),  in  acid  solutions  at  O.OOI  N  concen- 
tration.    The  unit  of  ordinates  is  here  -  0.1  minute  (see  text). 

ordinates  being  the  concentrations  required  to  effect  a  definite  amount 

1000 
of  activation  {such  that  log  E~7r  =  2.00—  see  fig,  3).    This  curve 

shows  that,  aside  from  formic  acid,  the  amount  of  each  fatty  acid  which 
is  required  to  bring  about  a  constant  degree  of  activation  decreases  in 
regular  manner  (within  the  limits  of  error  of  the  observations)  accord- 
ing to  the  number  of  CHt  groups  in  the  acid  molecule. 
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The  exceptional  behavior  of  formio  acid  is  due  to  its  much  strouger 
ionisation.*  It  is  probable  that  here  the  hydrogen  ion  ia  also  concerned 
in  activation.  These  acids  may,  in  other  words,  combine  with  the 
surface  of  the  cell,  a,  through  the  affinity  of  the  carboxyl  group  for 
water  or  protein ;  and,  I>,  through  the  affinity  of  their  hydrocarbon  chains 
for  lipoids.  When  b  is  relatively  much  larger  than  a,  owing  to  the 
orientation  of  surface  molecules  of  acid,  it  alone  appears  to  be  the  con- 
trolling factor  in  stimulation,  as  in  the  fatty  acids  other  than  formic. 
Hence  there  is  no  evidence  among  these  acids  that  their  ionisatioo 
affects  their  stimulating  ability,  as  in  that  event  some  disturbance  of 
the  straight  line  relation  depicted  in  figure  S  would  be  found.  Careful 
work  may  show  that  such  deviation  does  in  fact  exist  in  s<Hne  cases, 
and  in  human  taste  it  is  known  that  although  the  sourness  of  different 
acids  depends  directly  on  their  tendency  to  ioniee  (when  the  penetra- 
tion of  the  receptor  is  taken  into  account),  the  acids  weaker  than  acetic 
nevertheless  produce  a  more  powerful  sensory  effect  of  another  kind 
(and  probably  upon  the  same  taste  cells). 

IV.  Relations  similar  to  those  just  described  are  found  in  comparing 
the  penetration  of  cells  by  these  acids.  In  referring  these  effects 
to  interactions  with  cell  lipoids,  there  are  several  objections  to  be 
considered.  * 

a.  It  might  be  conceived  that  sensory  cells  specialized  for  chemo- 
reception  are  merely  more  permeable,  to  acids,  for  example,  than  meet 
cells  appear  to  be.  There  is  no  good  reason  favoring  this  belief,  and 
the  reverse  is  equally  likely  to  be  the  case.  Low  concentrations  of 
acid  do  not  behave  in  stimulation  as  high  concentrations  do  in  the 
penetraUon  of  cells  in  general  The  cbemoreceptors  of  the  earthworm 
have  bng  modified  distal  extremities,  which  project,  cilia-like,  through 
openings  in  the  outicula  of  the  worm,  and  they  must  therefore  be 
rather  dense  and  rigid.  (It  has  been  suggested  that  these  processes 
may  contract  upon  stimulation,  but  it  does  not  appear  that  surface 
tension  forces  thus  broughtinto  play  are  the  determiners  of  activation.) 

Chambers  (2)  states  that  a  resistant  surface  film  of  a  speciaUsed  kind 
is  present  only  upon  protosoons  and  germ-cells.  The  histological 
appearance  of  sensory  cells  su^ests  that  they  also  have  very  speciaUied 
outer  surfaces.    It  is,  then,  of  interest  to  compare  the  effects  of  these 

'Formic  solutions  hftv«  effects  like  those 'of  HC1,  and  unlike  those  of  the 
wesker  acids,  when  their  toxicity  is  considered.  Fonnio  ftcld  is  much  more 
efficient  in  destroying  the  sensitivity  of  the  earthwonn's  ohemoreoeptora  than 
an  the  weaker  acids. 
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acids  upon  other  cells  which  do  undoubtedly  possess  a,  highly  special- 
ized surface;  such  cells  are  found  in  the  mature  eggs  of  the  sea  urchin. 
The  time  required  by  solutions  of  the  monobasic  fatty  acids,  at  con- 
stant concentration  (0.001  N),  to  bring  about  activation  (membi-ane 
formation)  in  60  per  cent  of  the  mature  eggs  of  the  sea  urchin  is  plotted 
in  figure  4,  curve  B.  The  figures  were  obtained  by  graphic  interpola- 
tion from  data  given  by  Loeb  (17,  p.  134).  The  ordinates  for  this 
curve  are  in  units  of  0.1  min.  The  ordinates  for  curves  A  and  B  are  in 
different  units,  but  are  directly  comparable  because  in  the  stimulation 
figures  the  concentration  is  inversely  proportional  to  R.T.,  which  is 
itself  inversely  proportional  (by  assumption)  to  the  intensity  of  stimu- 
lation; hence  the  "concentration"  and  "time"  in  the  two  sets  of  experi- 
ments have  similar  meaning.  The  behavior  of  formic  acid  is  quite 
different  in  the  two  cases,  but  otherwise  the  eEFects  are  qualitatively 
identical.  This  suggests  a  difference  in  the  superficial  composition  of 
the  two  kinds  of  cells  which  are  compared. 

b.  Weak  acids  and  weak  alkalies  have  a  more  powerful  action  upon 
proteins  than  their  H'*'  or  0H~  concentrations  would  theoretically 
warrant.  In  this  respect  there  is  a  certain  parallelism  with  the  results 
of  stimulation  experiments,  which  might  be  regarded  as  evidence 
against  the  idea  that  lipoids  are  concerned  in  the  stimulation  effects. 
There  is,  however,  independent  evidence  favoring  the  presence  of 
lipoids  at  the  surfaces  of  cells  (cf.  19),  and  it  seems  unlikely  that  the 
relative  activities  of  the  several  fatty  acids  could  be  accounted  for  on 
this  basis. 

On  the  other  hand,  Langmuir  has  shown  (12,  p.  1883)  how  the  hydro- 
gen ion  may  act  to  make  thin  oil  (or  lipoid?)  films  more  mobile,  and 
there  are  other  physical  effects  of  acids  upon  lipoids  which  might  be 
considered  significant.  But  the  explanation  of  activation  by  the 
strong  acids  without  reference  to  their  action  on  proteins  would  ignore 
the  curious  parallels  which  have  previously  been  pointed  out.  In 
addition,  the  stimulating  power  of  HGl  is  greater  than  that  of  NaOH, 
which  is  also  favorable  to  the  idea  of  action  upon  proteins  (cf.  29). 
Taking  into  account  the  very  different  behavior  of  the  mineral  and 
fatty  acids  in  producing  toxic  results  at  high  concentrations,  and  the 
differences  in  their  behavior  in  penetrating  cells,  it  seems  most  reason- 
able to  refer  otheir  effects  in  stimulation  to  reactions  with  different 
components  of  the  sensory  cell-surface.  Further  experiments  ai'e  being 
made  to  test  this  idea. 

V.  One  view  of  the  process  of  stimulation  endeavors  to  reduce  all 
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forms  of  activation  to  a  common  basis  of  increase  in  the  permeability 
of  the  cell  surface.  A  widely  entertained  theory  of  this  nature,  notably 
developed  in  the  writings  of  R.*  S.  Lillie,  considers  that  the  essential 
act  in  stimulation  has  to  do  with  the  depolarization  of  the  cell  surface, 
which  is  supposed  to  exhibit  in  its  resting  state  a  polarization  resulting 
from  differential  permeabihty  toward  oppositely  charged  ions,  and 
particularly  from  its  impermeability  for  anions.  This  idea  of  the 
origin  of  bioelectric  potentials  is,  however,  confronted  by  peculiar 
difficulties  of  its  own  (cf.  18),  and  the  general  conception  that  stimu- 
lation (activation)  is  brought  about  by  agents  operating  to  increase 
permeability  is  further  opposed  by  the  fact  that  substances  which 
(so  far  as  we  know)  act  primarily  to  decrease  permeability  are  very 
efficient  in  stimulation.  This  matter  can  best  be  studied  by  means  of 
measurements  of  the  stimulating  powers  of  various  substances  for 
organs  of  chemical  sense,  where  the  problem  of  excitation  by  external 
influences  has  some  primary  significance.  It  is  furthermore  of  interest 
to  note  that  in  the  case  of  the  earthworm  the  sensory  cells  which  are 
probably  concerned  in  the  effects  here  described,  are  neurones  of  the 
first  order,  and  that  the  ganglion  cell  is  in  all  probability  stimulated 
directly  by  the  dissolved  substances. 

Strong  acids  (HCI)  produce  a  decrease  in  penneability  toward  ions, 
which  is  followed  by  an  increase  only  after  the  elapse  of  a  relatively 
considerable  interval  (at  the  concentrations  we  are  dealing  with) ;  (cf. 
24).  The  general  and  specific  parallelisms  between  the  behavior  of 
cells  composing  tissues  of  the  most  varied  origin  on  the  one  hand,  and 
the  sensory  receptors  of  the  earthworm  on  the  other,  in  penetration 
and  stimulation  experiments  respectively,  makes  it  unnecessary  to 
assume  the  existence  of  fundamentally  exceptional  structural  condi- 
tions at  the  receptor  surface.  Hence  it  is  improbable  that  acid  has 
here  an  exceptional  effect  upon  surface  permeability  for  ions.  If, 
however,  the  hydrt^n  ion  should  hinder  stimulation  by  inducing  an 
increase  in  surface  polarization  or  by  otherwise  decreasing  permea- 
bility, then  we  should  expect  to  find  that  acids  would  be  specifically 
less  efficient  as  excitants  in  proportion  to  their  ionization.  In  figure 
2  it  will  be  seen  that  apparently  this  is  in  part  true;  for  example,  at  a 
given  stimulating  power  the  [H]  values  decrease  in  the  order  acetic 
<  formic  <  HCI;  the  explanation,  of  course,  lies  in  the  fact  that  in 
these  acids  the  stimulating  property  does  not  concern  merely  the  H-. 

There  is  also  the  fact  that  HCI,  which  leads  to  an  increase  in  per- 
meability only  after  a  pronounced  decrease,  is  specifically  more  ener- 
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getic  as  an  extntaut  than  is  NaOH,  which  produces  only  an  increase 
in  permeability  (23).  Figure  5  shows  that  at  all  corresponding  con- 
centrations of  [H]  and  (0H~]  HCl  is  &  more  powerful  excitant  than  is 
NaOH.  (The  data  for  NaOH  are  taken  from  the  preceding  paper; 
the  two  series  of  experiments  were  strictly  comparable).  Thte  is 
equally  true  at  dilutions  where  Na'  and  Cl~  are  quite  inoperative  in 
pure  salt  solutions,  and  where  indeed  if  they  were  significantly  con- 


Conc./^JorP/^,XIO*/f. 


V\%.  5.    The  relative  stimulating  powers  of  solutions  of  HCI  and  of  NaOH 
at  corresponding  concentrationa  of  W  and  0U-, 

cerned  a  reverse  order  of  stimulating  capacities  would  be  expected, 
since  Na*  is  more  powerful  than  CI~  in  activating  these  worms.  HCI, 
moreover,  is  active  at  a  lower  threshold  than  is  the  alkali.  These 
relations  obtain  also  for  the  comparative  toxic  effects  of  H-  and  0H~, 
and  are  significantly  seen  ^Iso  in  taste  excitation.  The  limiting  dilu- 
tions at  which  HCI  and  NaOH  are  perceptible  upon  the  tongue  are 
respectively  at  [H]  =  0.0011*  and  [0H-]  =  0.007  *  (11).  Accord- 
ing to  Parker  (27)  -the  relative  effectiveness  of  HCI  and  NaOH  for 
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Btimulatioa  in  lower  vertebrates  is  of  the  same  order.*  It  is  sigDifi- 
cant  that  in  Osterhout's  experiments  (23),  (24)  NaOH  at  0.001  N 
concentration  has  practically  no  effect  on  permeability,  although  HCl 
0.001  N  has  a  pronoimced  effect  in  decreasing  permeabiUty.  The 
limiting  coacentrations  in  the  earthworm  experiments  were  foimd  to 
be:  HCK  0.0037;  NaOH  =  0.005  *  (at  the  anterior  end  of  the  worm 
the  absolute  dilutions  are  greater,  althoi^h  the  relative  proportions 
are  about  the  same).  The  changes  in  peimeability  measured  by 
Osterhout  are  due  to  chemical  reactions  with  surface  constituents 
of  the  protoplasm. 

Moreover,  the  concentration  of  HCl  which  in  Osterhout's  experi- 
ments wjth  Laminaria  induces  a  rapid  increase  in  peimeability  (follow- 
ing the  preliminary  decrease)  is  between  0.015  and  0.02  N;  that  is, 
the  extent  of  preliminary  decrease  in  penetrability  for  ions  reaches  its 
maximum  value  in  solutions  about  0.015  N,  and  thereafter  becomes 
smaller  as  the  concentration  of  acid  is  made  greater  This  is  essen- 
tially the  order  of  magnitude  of  the  maximal  concentration  with  which 
the  earthworms  in  the  present  experiments  may  be  stimulated  and 
yet  quickly  recover.  So  there  is  reason  to  believe  that,  although  the 
changes  induced  in  specialized  sensory  cells  by  acids  and  alkaUes  are 
much  more  rapidly  brought  about  than  in  ordinary  tissue  elements 
(and  this  is  possibly  the  primary  expression  of  their  specialisation), 
the  essential  nature  of  these  changes  is  nevertheless  identical  in  all 
cases  (or  in  nearly  all  cases,  excepting  perhaps  e^  cells). 

The  results  of  experiments  dealii^  with  the  activation  of  the  earth- 
worm seem,  then,  to  be  opposed  to  the  idea  that  stimulating  agents 
universally  produce  their  effects  by  virtue  of  a  permeabiUty-increas- 
ing  action.  They  are,  however,  favorable  to  the  idea  that  in  chemo- 
receptor  activation  there  occurs  some  union,  essentially  chemical  in 
nature,  between  the  activating  agent  and  some  one  or  more  constit- 
uents of  the  receptor  surface  (which  may  itself  vary  in  composition 
according  to  the  habitat  of  different  worms  of  the  same  species).  The 
amount  of  stimulation  depends  upon  the  character  and  extent  of  this 
combination.  It  is  assumed  that  the  "all  or  none"  principle  does  not 
apply  to  these  effects  (which  does  not  mean  its  lack  of  applicability 
to  a  single  propagated  impulse) ,  since  when  large  areas  of  the  wolma 
used  are  exposed  to  stimulation  the  intensity  of  activation  is  not  pro- 

*  At  higher  concentrationa  th«  alkali  is  sometimes  more  stimulatiDg;  this  ia 
probably  due  to  aecoadary  influencea,  as  dilTereat  types  of  reapoose  may  be 
eoaoerned. 
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portional  to  the  number  of  sense  organs  involved;  in  another  direction 
it  can  be  pointed  out  that  human  taste  buds  detect  a  wide  range  of 
differences  in,  for  example,  sourness. 

These  experiments  are  in  agreement  with  a  conception  of  stimula- 
tion which  seems  first  to  have  been  formulated  by  Loeb  (  (16)  and 
earlier  papers),  which  holds  that  ion-protein  (or  ion-soap)  compounds 
control  the  ratios  between  free  ions  in  the  cell,  and  by  variations  in 
their  composition  or  physical  state  determine  in  this  way  the  propaga- 
tion of  impulses.  Whether  or  not  the  specific  form  of  this  general 
theory  elaborated  by  Macdonald  (cf.  20)  is  applicable  here,  seems 
doubtful.  In  his  theory  a  local  colloidal  condensation  (or  precipitate) 
at  the  point  of  excitation,  decreasing  the  ext«nt  of  local  surfaces  avail- 
able for  the  adsorption  of  ions,  results  in  a  freeing  of  ions  for  diffusion. 
From  these  earthworm  experiments  it  seems  possible  that  either  pre- 
cipitation or  the  reverse  may  serve  equally  well  for  the  initiation  of 
excitation. 

8UUMARY 

When  earthworms  are  stimulated  by  acids  according  to  a  method 
which  gives  quantitative  results  connecting  the  concentration  of  the 
excitant  with  the  amount  of  stimulation  induced,  it  is  found  that  the 
acids  stimulate  as  if  by  simple  chemical  combination  with  one  or  more 
constituents  of  the  receptor  surface.  There  are  striking  quantitative 
paralellisms  between  the  powers  of  different  acids  to  penetrate  cells 
and  the  peculiarities  of  their  relations  in  stimulation.  This  does  not 
mean  that  they  stimulate  by  mere  diffusive  penetration,  but  that 
similar  combinations  with  cell  materials  are  fundamental  to  both  proc- 
esses. Independently  of  assumptions  made  for  purposes  of  quanti- 
tative treatment,  the  results  of  these  experiments  are  inconsistent  with 
the  idea  that  activation  is  induced  by  surface  depolarization  of  the 
cell,  and  with  the  associated,  but  unduly  generahzed,  conception  that 
stimulation  involves  in  all  cases  an  increase  in  cell  permeability  to 
ions.  This  conclusion  is  obviously  not  opposed  to  the  idea  that  stimu- 
lated cells  may  in  many  cases  become  more  permeable,  but  it  does 
imply  that  an  increase  in  surface  permeability  is  not  the  determiner  of 
activation.  It  does  favor  the  idea  that  alterations  in  the  condition  of 
materials  at  the  surface  of  the  cell  are  instrumental  in  determining  the 
diffusion  of  ions  within  the  cell. 
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The  writer  has  shown  in  a  previous  paper  that,  roughly  speaking) 
the  rate  of  rhythmic  contraction  in  excised  segments  of  small  intestine 
varies  inversely  as  the  distance  from  the  pylorus  (I).  Since  then  a 
better  technic  has  been  worked  out.  Five  segments  are  now  used  in 
the  same  beaker  of  Locke's  solution,  and  all  are  kept  at  a  constant 
temperature  of  38°.  The  rabbits  are  killed  by  a  blow  on  the  bead; 
they  are  opened  immediately  and  segments  15  cm.  long  are  removed 
from  the  first  portion  of  the  duodenum,  from  the  first  portion  of  the 
jejunum,  from  the  middle  of  the  small  intestine,  from  the  lower  ileum 
opposite  the  tip  of  the  t^ipendix  and  from  the  colon  where  it  paralleb 
the  duodenum.  These  segments  are  kept  in  iced  Locke's  solution  and 
shorter  pieces,  2.5  cm.  loi^,  are  cut  as  required.  Long  heart  levers 
have  been  made  with  the  arms  more  nearly  equal,  so  that  the  magnifi- 
cation will  be  less  and  the  five  records  will  go  on  the  drum.  The  meas- 
urements are  18.5  cm.  from  fulcrum  to  writing  point  and  12  cm.  from 
fulcrum  to  thread.  The  lever  is  weighted  just  enough  to  keep  the 
thread  taut.  The  s^jnents  are  heiH  by  small  wire  serrefines.  The 
beaker  contains  400  cc.  of  Locke's  solution  through  which  ur  bubbles. 

Differences  in  tone.  Differences  in  tone  were  observed  in  cutting 
the  segments.  The  duodenal  loops  shortened  a  great  deal  after  cutting 
and  the  ends  rolled  backwards,  forming  wide  cufiFs.  The  jejunal  pieces 
contracted  somewhat  and  showed  narrower  "cuffs."  The  middle 
pieces  contracted  still  less  and  showed  very  little  cuff  formation.  The 
ileum  lengthened  after  excision  anU  it  showed  poor  tone.  The  colon 
showed  even  more  tone  than  did  the  duodenmn.  It  retained  a  very 
firm  grip  on  the  scybalae,  and  segments  shortened  to  perhaps  half  their 
original  lengths.  These  differences  had  to  be  taken  into  account  so 
that  the  records  would  fit  on  the  standard  drum.  The  ileal  segment 
had  to  be  cut  1.5  to  2.0  cm.  long  and  the  duodenal  and  colonic  ones 
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3.5  cm.  loDg,  ao  that  they  would  be  of  equal  leogtb  after  immerBion  in 
the  warm  Locke's  solution. 

The  greater  tone  of  the  duodenal  and  jejunal  segments  was  shown 
also  by  the  way  in  which  they  shortened  after  they  began  to  beat 
rhjrthmically.  The  middle  and  ileal  segments  generally  improved  aa 
regards  amplitude  of  contraction,  but  the  base  line  rarely  rose.  It 
generally  remained  very  constant,  probably  because  the  muscle  had 
relaxed  until  it  was  checked  by  the  connective  tissue  along  the  mesen- 
teric border.  After  attachment  to  the  levers,  the  most  pronounced 
rise  in  tone  was  almost  always  shown  by  the  jejunal  segment.  The 
duodenal  rise  might  have  been  even  greater  if  tbe  s^ment  had  not 
already  contracted  so  much  before  immersion  in  the  beaker.  The 
colonic  segments  also  shortened  a  good  deal,  generally  after  from  ten 
to  twenty  minutes. 

Comparative  rky^midty.  The  duodenal  segment  was  generally  the 
first  to  beat  well.  Sixty-eight  records  were  examined  aa  to  this  point 
and  the  different  segments  were  credited  with  one,  two,  three  or  four 
points  according  aa  they  b^an  to  beat  Srst,  second,  etc.  When  two 
began  to  beat  so  nearly  at  the  same  time  that  no  difference  could  be 
made  out,  they  each  received  the  same  number.  When  the  figures 
were  averaged,  the  following  data  were  obtained: 

Duodenum 1.53 

Jejuouni •. 2.38 

Middle 2.M 

Ileum ■, 1.70 

The  duodenum  beat  first  forty-six  times;  the  jejunum,  thirteen;  the 
middle,  six;  and  the  ileum,  thirty-four.  The  great  rhythmicity  of  the 
duodenal  segments  is  the  mor(  striking  when  it  is  remembered  that 
they  seem  to  suffer  most  from  trauma.  They  must  be  handled  more 
carefully  than  the  ileal  segments.  They  apparently  recover  some- 
what from  the  trauma  oF  cutting  during  their  stay  in  the  cold  Locke's 
solution  because  when  attached  to  the  levers  immediately  after  removal 
frtHn  the  animal,  they  were  slower  in  starting  up.  The  great  vulner- 
ability of  this  region  probably  accounts  for  the  fact  that  in  eight  out  of 
the  sixty-eight  experiments,  the  duodenal  segment  remained  prac- 
tically motionless.  Even  in  sickly  rabbits  the  other  segments  always 
showed  some  activity.  Perhaps  the  high  rhythmicity  of  the  segments 
from  the  lower  ileum  is  due  partly  to  their  comparative  immunity 
from  injury  in  cutting  and  handling. 


d  by  Google 


WALTBB   C.   ALVAREZ 


The  first  few  centimeters  of  the  duodenum  always  beat  very  poorly 
with  a  small,  variable  amplitude.    This  agrees  with  the  x-ray  fiadings 


Fig.  1.  Two  typical  beginoiags.  From  above  downward  the  tracings  are 
from  duodenum,  jejunum,  upper  ileum,  lower  ileum  and  colon.  The  time  record 
TepreaentB  thirty  seconds. 

in  man  where  the  first  portion  of  the  duodenum  ordinarily  remains 
filled  and  shows  little  activity.  The  food  naturally  is  delayed  in  this 
quiet  region  situated  between  two  active  ones. 
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The  greater  teodeacy  to  rhythmic  contraction  in  the  upper  end  of 
the  tract  ia  suggested  strongly  in  figure  2.  The  segments  were  first 
poisoned  with  pilocarpine  and  then  atropin  was  added.  The  first  to 
escape  was  the  duodenal  segment  and  this  was  followed  in  order  by  the 
middle,  ileum  and  colon.    A  similar  graded  escape  from  inhibition  has 


Fig.  2.  To  show  tbe  graded  recovery  from  pilocarpin  after  adding  atropio. 
From  above  downward,  the  recorda  are  from  duodenum,  upper  ileum,  lower 
ileum  and  colon.    Time  record  represents  thirty  aeconda. 

been  observed  with  some  other  drugs  such  as  adrenalin  and  magnesium 
sulfate. 

The  colonic  segments  were  so  slow  in  beginning  to  beat  that  it  was 
found  best  to  cut  them  first  and  to  leave  them  in  the  warm  solution 
while  the  other  segments  were  being  prepared.  After  these  were 
fastened  to  the  lovers,  they  were  all  lowered  together  into  the  solution. 
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Even  with  this  head  start,  the  colon  often  took  an  hour  to  get  going 
well  and  it  generally  beat  better  on  the  second  day  after  excision  than 
on  the  first.  The  greater  slugxishness  of  the  colonic  muscle  was  noticed 
also  in  pharmacological  studies.  Drugs  which  depressed  the  duo- 
denum for  thirty  seconds  oft«n  kept  the  colon  paralyzed  for  five  min- 
utes or  more.  In  some  cases  the  drug  caused  a  short  drop  and  rise  and 
then  a  permanent  drop  in  the  duodenum,  but  only  the  final  drop  id 
the  colon.  The  contractions  were  very  different,  the  rhythm  irregular 
and  the  tone  ^iriabte.  The  rate  varied  from  2  to  12  per  minute. 
Unpublished  experiments  show  also  that  the  latent  period  of  the  colonic 
muscle  is  longer  than  that  of  the  muscle  in  the  small  intestine.  One 
cannot  escape' the  impression  that  we  have  to  deal  in  the  small  and 
lai^e  bowels  with  two  very  different  types  of  muscle.  The  muscle 
in  the  colon  acts  more  like  the  smooth  muscle  of  a  cold-blooded  animal. 
The  muscles  in  the  small  knd  large  intestine,  again,  behave  differently 
from  the  muscles  in  the  body  and  antrum  of  the  stomach. 

SegTuenta  from  auMy  animals.  The  segments  from  sickly  animals  or 
animals  heavily  infected  with  parasites,'  generally  beat  poorly  and 
irregularly.  Sometimes  tbey  would  begin  beating  well,  or  the  first  set 
would  beat  nonnally,  but  they  generally  became  weak  and  erratic 
after  a  while.  Sometimes  segments  from  flabby  looking  intestines 
beat  surprisingly  well,  with  a  very  wide  amplitude.  The  wide  ampli- 
tude is  probably  a  sign  of  poor  tone  (2).  Ordinarily  the  duodenal  and 
jejunal  s^;ments  seemed  to  suffer  most  from  the  depression.  Some- 
times the  duodenum  would  not  beat  at  all  even  when  the  animal  ajh 
peared  to  be  pretty  healthy.  In  some  of  the  animals,  short  stretches 
of  bowel  were  found  to  be  flabby  and  filled  with  gas,  while  the  rest  of 
the  gut  appeared  to  be  normal.  It  was  interesting  that  when  segments 
were  excised  from  these  peculiar  regions  they  often  failed  to  beat  welF, 
althoi^h  the  other  segments  behaved  normally.  Segments  from  rab- 
bits whose  abdomens  were  full  of  cysticerci  generally  beat  well  if  the 
animal  was  well  nourished  and  active.  The  colon  did  not  seem  to  be 
much  affected  by  the  general  depression  and  frequently  it  was  the  only 
segment  that  would  contract  normally.  Segments  of  colon  were 
markedly  depressed  in  some  animals  with  a  tendency  to  diarrhoea. 
This  agrees  with  x-ray  studies  in  man  which  generally  show  the  diar- 
rhoeic  colon  unsegmented  and  flabby.  The  segments  from  the  sickly 
animals  often  reacted  poorly  to  drugs. 

In  one  animal  an  inflamed  Peyer's  patch  was  noticed  in  the  lower 
ileum.    The  inflamed  segment,  when  excised  and  put  into  Locke's 
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solution,  did  not  beat  well  and  its  rate  was  about  normal.     The  s^- 
ment  just  above,  however,  beat  21.5  to  25  times  per  minute.     This 


Fig.  3.  KcRorda  from  healthy  and  from  diseased  animals. 

is  Dot  only  twice  the  normal  rate  for  the  ileum  but  it  is  faster  than 
normal  for  the  duodenum.     This  shows  what  the  writer  has  long  sus- 
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pected,  that  inflanunatory  lesions  can  alter  the  gradients  in  the  tract. 
These  gradients  may  also  be  upset  by  the  unevenness  of  the  effects  of 
disease  toxins;  that  is,  the  duodenum  and  jejunum  may  be  almost 
paralyzed  while  the  ileum  and  colon  remain  active.  Such"  a  reversal 
was  observed  while  studying  the  latent  periods  in  different  parts  of  the 
stomachs  of  distempered  dogs  (3).  These  observations  may  explain 
many  of  the  digestive  upsets  in  thin,  run-down,  nervous  women;  upsets 
for  which  no  anatomical  explanation  can  be  found^  but  which  straighten 
out  promptly  under  over-feeding  and  rest. 


Miiil 

Fig.  4.  Ordinates  represent  rates  per  minute;  abeciasae  represent  the  segments 
at  varying  distances  frDin  the  pylorus.  The  solid  line  represents  the  average 
for  fifty-three  animals.    The  broken  lioes  represent  data  from  sickly  animals. 

Gradient  of  rhythm.  The  rate  of  contraction  has  been  counted  in 
one  hundred  and  seventy-six  places  on  records  from  fifty-three  rabbits. 
These  animals  were  in  good  condition  and  the  segments  contracted 
well.     The  averages  are  as  follows: 

P0-  miflHto 

Duodenum 15.3 

JejuDimi 13.3 

Upper  ileum 12.1 

Lower  ileum 10.6 

Colon 6.8 
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These  data  have  been  plotted  as  a  heavy  line  in  figure  4,  in  which 
the  ordinates  represent  rates  per  minute  and  the  abscissae  distances 
from  the  pylorus.  Unfortunately,  these  abscissae  can  be  only  approxi- 
mately correct. 

It  is  interesting  that  in  these  fifty-three  animab  there  was  no  in- 
stance in  which  the  average  of  two  or  three  readings  on  any  one  s^- 
ment  gave  a  figure  higher  than  the  average  for  the  segment  just  above. 
The  gradients  were  not  so  even,  however,  in  the  sickly  animals.  Sam- 
ples of  these  are  shown  as  broken  lines  in  figure  4.  These  upsets  in 
gradient  have  been  found  to  be  even  more  marked  in  the  intact  bowels 
of  sick  animals  studied  under  salt  solution  (4). 

Three  animals  were  starved  for  three  or  four  days  (without  mussles). 
Their  segments  heat  with  a  poorer  amplitude  than  normal  but  no 
characteristic  changes  in  rhythmicity  or  in  gradient  could  be  made  out. 

Behavior  after  twenty-four  koura.  It  is  a  remarkable  fact  that  after 
twenty-four  hours  in  Locke's  solution  between  5°  and  10°C.,  the  s^- 
ments  beat  faster  and  the  gradient  of  rbjrthm  was  retained.  This  will 
be.  observed  in  the  following  three  protocols: 


,^„ 

*™. 
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«T« 
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15,0 
13.7 
11.9 
11.3 
7.0 

18.5 
16.5 
14-0 
14.0 
fi.O 

14.8 
12. « 
11.0 
9.2 

16.5 
15.0 
12.0 
8.0 

12.3 
11.0 
8.9 

7.4 
6.5 

16  3 

Upper  ileum 

14  3 

The  strength  of  the  contractions  suffered  and  the  segments  often 
became  fatigued  quickly.  They  were  also  less  sensitive  to  drugs 
although  on  two  occasions  they  reacted  typically  with  1  part  of  adrena- 
lin to  8,000,000  of  the  solution. 

This  evidence  fits  in  with  a  great  deal  more  (5)  which  it  seems  to  me 
has  proven  that  the  rhythmicity  is  initiated  in  the  muscle  itself  and 
not  in  the  nerve-net.  The  differences  in  rate  found  normally  in  the 
different  parts  of  the  gut  are  due  probably  to  differences  in  some  phase 
of  the  metabolism  in  the  muscle. 


Five  segments  excised  from  different  parts  of  the  rabbit's  intestine 
have  been  studied  under  identical  conditions  in  warm  aerated  Locke's 
solution. 
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The  segments  of  duodenum  and  jejunum  have  greater  tone  and 
contract  more  aft«r  cutting  than  do  the  ileal  segments.  The  colon 
also  has  a  high  tone. 

The  duodenal  segment  ia  generally  the  first  to  begin  beating  well/ 
The  tendency  to  rhythmic  activity  is  graded  from  duodenmn  to  ileum. 
The  first  few  centimeters  of  duodenmn,  corresponding  to  the  duodenal 
cap  in  man,  does  not  beat  well. 

The  colon  is  very  slow  in  starting  up  and  it  differs  greatly  from  the 
small  int«8tine  in  its  behavior. 

The  duodenum  suffers  more  from  trauma  and  from  adverse  coadi- 
tioDS  than  do  the  other  segments. 

Segments  from  sickly  animals  beat  poorly  and  become  fatigued 
early.  .  These  changes  are  often  more  marked  in  some  segments  than 
in  others  ao  that  the  gradation  of  rhythm  is  changed. 

The  gradation  of  rate  of  contraction  from  duodenum  to  ileum  is 
remarkably  constant  in  normal  animals. 

In  one  case  the  gradation  was  upset  by  the  presence  of  an  inflamed 
area  in  the  ileum.  The  bowel  in  that  region  contracted  21.5  to  25 
times  per  minute,  or  twice  as  fast  as  normal. 

After  twenty-^our  hours,  the  segments  beat  at  a  faster  rate  and 
maintain  the  gradient.  They  continue  to  react  normally  to  adrenalin 
and  atropin. 
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So  far  as  the  writer  is  aware  no  attempt  haa  ever  been  made  to  study 
with  quantitative  methods,  the  oxygen  consumption  of  any  unicellu- 
lar animal.  There  are  only  two  papers,  Vernon  (1)  and  Barratt  (2) 
which  attempt  to  give  anything  Uke  measurements  of  COj  production 
by  a  protozoan  cell. 

The  purpose  of  the  present  s«ries  of  papers  will  be  a,  to  describe 
methods  which  yield  accurate  and  reproducible  results  on  Ot  consump- 
tion and  COt  production,  and  6,  to  show  as  far  as  may  be,  what  the 
conditions  are  and  bow  they  affect  the  magnitude  and  rate  of  Oj  odd- 
sumption  and  COt  production  in  these  unicellular  animals,  using  for 
this  purpose  to  begin  with,  Paramecium  caudatum.  In  this  paper 
results  are  given  to  show  what  relation  the  concentration  of  oxygen 
has  to  the  rate  of  intracellular  oxidation. 


Preparalum  of  Paramecium  for  experiment.  The  material  for  all  the 
work  was  a  pure  line  of  Paramecium  caudatum  grown  in  large  mass 
cultures  in  boiled  hay  infusion.  The  only  other  organisms  present  in 
the  cultures  were  bacteria  of  various  types  commonly  found  in  such 
infusions,  which  served  as  food  for  Paramecium;  occasionally  small 
amoebo-flagellat«s  would  occur  which  then  served  as  part  of  the  food 
supply  for  Paramecium.  When  the  cultures  were  in  their  height  of 
development  the  clear  supernatant  liquid  containing  the  Paramecia 
was  siphoned  off  carefully  to  avoid  introducing  any  bacterial  soogloea. 
The  organisms  were  then  concentrated  by  use  of  the  centrifuge  at  as 
slow  a  speed  as  possible.  In  this  way  injury  to  the  animals  was 
3S1 
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avoided.  The  removal  of  the  Paramecia  to  clear  tap  water,  which 
whenever  necessary  had  been  sterilized  by  boiling,  was  accomplisbcd 
gradually  by  repeatedly  diluting  tbe  concentrated  suspension  with 
sterile  or  ordinary  tap  water  at  room  temperature  and  then  centri- 
fuging.  This  transfer  and  washing  of  the  Paramecia  must  ordinarily 
be  gradual  in  order  to  allow  time  for  the  animals  to  adjust  themselves 
to  the  new  chemical  and  osmotic  conditions.  Transfer  to  pure  tap 
water  and  washing  was  usually  extended  over  a  period  of  fifteen  to 
twenty-five  hours.  In  this  way,  with  care,  it  is  possible  to  wash  Para- 
mecia perfectly  free  from  the  native  medium  and  to  reduce  the  bac~ 
terial  content  of  a  Paramecium  suspension  to  that  of  ordinary  tap 
water  or  tap  water  which  has  been  previously  boiled.  Hargitt  and 
Fray  (3)  have  shown  by  a  series  of  careful  tests  that  it  is  possible  to 
sterilize  a  Paramecium  by  washing  it  five  or  six  times  in  different  por- 
tions of  five  to  ten  drops  of  sterile  water.  For  the  purposes  of  the 
experiments  in  this  and  following  papers  the  small  bacterial  content 
of  tap  water  and  boiled  water  has  no  significance  since  if  all  the  Para- 
mecia remain  alive,  there  will  then  be  no  pabulum  in  which  bacteria 
in  sufficient  numbers  to  disturb  the  results  will  grow.  Controls  which 
rule  out  all  effects  from  bacteria  were  always  carried  out  whenever 
conditions  demanded.  These  conditions  will  be  referred  to  at  the 
proper  time.  When  Paramecia  are  washed  in  this  way  they  are  under 
starvation  conditions.  The  food  reserve  of  the  protoplasm  is  gradually 
depleted  as  shown  by  the  gradual  decrease  over  a  number  of  days  in 
cell  lipoids  and  increase  in  transparency  of  the  protoplasm  to  light. 
But  Paramecium  will  often  live  for  as  long  as  ten  to  fourteen  days  in 
tap  water  without  food,  which  shows  that  the  food  reserve  of  the  pro- 
toplasm may  be  sufficient  to  meet  its  expenditure  of  energy  over  this 
period  of  time.  Cell  division  stops  in  a  pure  line  population  after  the 
Paramecia  have  been  removed  to  starvation  conditions  in  tap  water 
for  twenty-four  hours.  Hence  it  is  readily  possible  to  obtain  sus- 
pensions of  ceils  which  do  not  divide,  that  is,  where  the  number  of  cells 
remains  constant.  It  is  always  well  to  keep  the  Paramecia  in  a  com- 
paratively large  volume  of  water  before  using,  for  high  concentration 
of  suspensions  leads  sooner  or  later,  depending  on  conditions,  to  deAth 
of  some  of  the  organisms  which  serve  as  a  food  supply  for  bacteria  that 
may  happen  to  be  present  and  also  for  other  Paramecia  which  when 
starved  become  "hungry"  feeders. 

Just  before  using,  the  washed  Paramecia  were  concentrated  at  a 
low  speed  of  the  centrifuge  so  that  in  1  cc.  of  suspension  there  were 
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from  two  thousand  to  one  hundred  thousand  individuals  depending 
upon  the  concentration  desired  for  the  particular  type  of  experiment. 
Equal  volumes  of  this  suspension  were  gently  withdrawn  by  use  of  a 
1  or  2  cc.  volumetric  pipette  which  had  a  lai^e  smooth  opening.  Stim- 
ulation and  injury  to  individuals  by  the  pipette  is  often  brought  about 
by  loo  rapid  suction  on  a  pipette  with  a  small  opening  and  sharp  edges. 
The  question  arises:  Is  it  possible  by  this  method  to  obtain  equal 
numbers  of  Paramecia  in  different  1  cc.  volumes  drawn  successively 
by  the  volumetric  pipette?  The  answer  is  found  by  (1)  a  comparison 
of  the  quantities  of  oxygen  absorbed  by  different  1  cc.  samples  of 
Paramecia  from  the  same  suspension,  and  (2)  by  actual  counts  of  the 
number  of  Paramecia  in  such  samples  of  equal  volume.  Both  of  these 
methods  have  been  used  and  as  will  be  shown  in  this  and  subsequent 
papers,  are  trustworthy  criteria  for  determining  the  number  of  indi- 
viduals in  unit  volume.  The  error  from  this  source  falls  within  the 
limits  of  experimental  errors  from  other  sources. 

Cse  of  Winkler's  method  for  determining  diaaotved  oxygen.  The  reft- 
gonts  used  for  Winkler's  method  were  made  up  as  given  by  Treadwell 
and  Hall  (4)  except  that  5  cc.  instead  of  3  cc.  of  concentrated  HCI  was 
used.  The  thioeulfate  solution  was  standardized  at  intervals  against 
known  weights  of  freshly  resublimed  iodine  according  to  Treadwell 
and  Hall  (4,  p.  645).  For  simphcity  the  tables  give  the  oxygen  equiva- 
lent in  cubic  centimeters  of  thiosulfate. 

The  tap  water  used  for  an  experiment  was  kept  in  carboys  and  al- 
lowed to  stand  at  room  temperature.  A  stream  of  air  was  then  passed 
through  it  for  several  hours  in  order  that  the  oxygen  in  the  water 
might  come  into  equilibrium  with  that  of  the  air  at  room  temperature. 
Bottles  of  equal  volumes  (137  cc.)  were  then  filled  with  the  tap  wat«r 
from  the  carboy.  The  degree  of  uniformity  of  oxygen  content  in 
such  a  series  of  bottles  is  illustrated  by  the  figures  in  tables  4,  5  and  6. 
The  variation  is  on  the  average  less  than  0,1  cc.  of  thiosulfate  per  137 
cc.  volume  and  where  the  average  of  a  number  of  bottles  is  taken  the 
error  in  fiUing  of  bottles  and  analysis  can  be  reduced  to  less  than  1 
per  cent  of  the  oxygen  content  of  137  cc.  of  water  at  atmospheric 
pressure  and  a  temperature  of  TfTC. 

After  filling  the  bottles  1  or  2  cc,  of  the  concentrated  Paramecium 
suspensions  were  added  and  the  bottle  tightly  stoppered.  After  vary- 
ing periods  of  time  the  water  in  the  bottles  containing  Paramecia  and 
the  blanks  without  animals  were  analyzed.  A  small  amount  of  the 
hberated  iodine  is  adsorbed  by  the  dead  Paramecia.     The  amount 
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varies  with  the  number  of  animals  in  the  bottle  and  also  with  the 
concentration  of  liberated  iodine,  but  in  all  cases  where  the  number  <tf 
Paramecia  is  not  more  than  five  thousand,  it  is  small  and  practically 
constant.  The  error  due  to  adsorption  of  iodine  was  eliminated  by 
analyzing  at  the  beginning  of  the  experiment  control  bottles,  one  set 
being  blanks  without  Paramecia  and  the  other  containing  the  same 
number  of  Paramecia  as  was  used  in  the  experimental  bottles.  The 
difference  between  averages  of  these  two  sets  of  bottles  gave  the  amount 
of  iodine  in  cubic  centimeters  of  thiosulfate  which  was  adsorbed  by 
the  cells,  and  in  the  results  are  applied  as  corrections  (see  tables) . 

Heilbrunn  (5)  has  pointed  out  the  source  of  error  due  to  the  taking 
up  of  iodine  by  sea  urchin  eggs  and  possibly  by  the  secretions  liberated 
by  eggs  into  sea  water.  This  objection  does  not  apply  in  any  measur- 
able degree  to  this  work  on  Paramecium  since,  (1)  Paramecia  do  not 
liberate  substances  into  the  tap  water  which  interfere  with  the  analysis, 
and  (2)  since  the  number  of  Paramecia  which  are  used  in  each  bottle  is 
small  in  comparison  with  the  number  of  sea  urchin  eggs  which  would 
utilize  an  equal  quantity  of  oxygen  and  (3)  the  slight  loss  of  iodine  that 
does  occur  is  corrected  for  as  given  above.  The  above  method  entirely 
avoids  the  error  which  is  met  with  when  the  water  in  the  bottles  con- 
taining the  e^^  or  other  organisms  is  siphoned  off  into  a  smaller  bottle 
for  analysis.  Since .  bottles  of  equal  volume  and  0»  content  with  a 
practically  equal  number  of  cells  in  each  can  be  obtained,  then  by 
computing  the  average  oxygen  content  of  a  number  of  bottles  the 
errors  can  be  reduced  to  a  small  value. 

.  When  the  oxygen  consumption  of  such  cells  as  sea  urchin  eggs,  blood 
cells  or  yeast  is  determined  there  is  no  definite  index  by  means  of 
which  one  can  determine  when  one  or  more  of  the  cells  die  and  there- 
fore it  becomes  difficult  to  know  definitely  in  i»i8t  what  physiological 
condition  the  cells  are  at  any  particular  time.  This  great  experimmtal 
disadvantage  is  practically  entirely  avoided  with  Paramecium  because 
one  can  readily  determine  by  the  use  of  a  hand  lens,  or  if  necessary 
under  the  binocular,  when  the  organisms  are  abnormal  either  in  shape 
(approaching  cytolysis)  or  locomotion.  Paramecium  therefore  serves 
as  an  ideal  ot^anism  for  accurate  quantitative  work  on  intracellular 
oxidation. 
Any  experimental  procedure  which  differs  from  that  described  above 
:  will  be  given  in  connection  with  the  particular  experiments. 
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EXPERIHENTAL 

Oxygen  eoncentratum  and  the  rate  of  oxygen  conaumpium.  DiflEerent 
concentrations  of  oxygen  in  tap  water  were  obtained  by  passing  water 
from  the  tap  through  a  amall  heated  copper  coil  into  carboys,  thereby 
removing  practically  all  the  dissolved  air  from  the  water.  The  water 
was  allowed  to  cool  to  room  temperature.  The  desired  concentrations 
of  dissolved  oxygen  were  obtained  by  slowly  bubbling  compressed 
oxygen  from  a  tank  through  the  water  and  analysing  samples  from  time 
to  time  in  order  to  determine  when  the  desired  concentration  of  ox^en 
was  obtained.    Shaking  with  air  was  also  convenient.    The  experi- 

TABLE  I 

/*r«Itmtnarir  experiment.  Paramteia  left  in  clear  native  hay  infution  for  Iwmly- 
four  hmtrt,  thtn  vxuhed  three  timet  in  elerile  tap  water  and  eentrifuftd,  Folimw 
0/  boUlei  1S7  ee.  Temperature  tSi^.l'C.  1  ce.  thioivifat*  -  0.tS8  as.  Ot  at 
N.  T.  P. 


OIICB 

*'  'Si,^' ' 

»tTL> 

■  1  • 

'     I     * 

u.u». 

Bkoki 

AS. 

O. 

A.  Low  Oi  concentration 

1 
2 
3 

2.00 
l.M 
l.M 

1.8 
1.8 

1.15 

«.(!» 

All  nonnal  at  end  of  6  hra. 

AveraKe 

1,96 

1.8 

1.15 

O.0S 

B.  High  Oi  concentration 

1 
2 
3 

13.30 
13.20 
13.15 

13.00 
12.90 

12.40 

Some  dead,   other*  dying 
at  end  of  6  hrg. 

. 

13-21 

12.95 

12.40 

O.SS 

Mnecia.    

0.26 

Digitized  by  L.iOOQIC 


356  E.   J.   LUND 

TABLE  i 

Preliminary  experiment.  Parainecia  washed  in  elerile  tap  water  three  timet  and 
starved  several  hours:  crntrifuged.  Volume  oj  each  bottle  1S7  ec.  1  ec.  thiosalfate 
=  0.158  EC.  O,  N.  T.  P.     Temperature  «fi*  .f °C. 


AHALTUD    At 

ONCI!" 

BHS, 

BOTTLB 

1 

1 

a 

* 

«y.«. 

Blsnka 

Oioon. 

•  IS.. 

A.  Low  Oj  concentration 

1 
2 
3 

l.GO 
1.57 
1.70 

1.58 
1.50 
1.60 

cc.  air. 
1.16 

«.(A» 

All  alive  and  active 

, 

1.62 

1-56 

1.16 

0.40 

Iodine  adsorbed  by  Par- 

0.06 

B.  High  0,  concentration 

1 
2 
3 

14,6 
14  7 
14  8 

14,45 
14.59 

14.34 

14.35 

Only  a  few  living  at  end  of 
6    hrs.    Most    of    these 
were   iojured   as  shown 
by  movement  and  shape 

A     r  K 

14,7 

14  52 

14.34^ 

0.I7S 

Iodine  adsorbed  by  Par- 

0.18 

mental  bottles  were  then  immediately  filled.  The  first  and  the  last 
bottle  filled  were  included  in  the  control  blanks  in  order  to  detect  any 
perceptible  difference  in  oxygen  content  of  the  water  drawn  first  and 
last. 

Tables  1  and  2  are  results  from  two  preliminary  experiments  where 
the  manipulation  was  not  as  accurate  as  in  the  later  experiments. 
The  average  amount  of  oxygen  consumed  by  1  cc,  Paramecia  in  a 
bottle  during  six  hours  is  given  in  column  4.  This  is  obtained  by  sub- 
tracting the  average  number  of  cubic  centimeters  of  thiosulfate  per 
bottle  in  column  3  from  the  average  number  of  cubic  centimeters  per 
bottle  in  column  2.     It  will  be  noted  (table  1)  that  although  the  con- 
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cetitration  of  oxygen  in  one  set  of  bottlee,  B,  was  over  six  times  that 
in  the  other  set.  A,  nevertheless  the  average  quantity  of  oxygen  con- 
suraed  in  the  high  oxygen  concentration  was  slightly  less  than  that 
consumed  in  the  low  concentration.  The  animals  in  table  1,  set  A, 
were  all  living  and  normal  at  the  end  of  six  hours.  A  few  of  those  in 
B  were  dead  and  many  were  abnormal  at  the  end  of  six  hours.  In 
table  2  where  the  oxygen  concentration  in  B  was  about  nine  times  that 
in  A,  the  oxygen  consumed  was  less  than  half  that  consumed  in  A. 
This  is  due  to  the  early  death  of  many  of  the  cells  in  B  caused  by  the 
high  oxygen  concentration.  These  results  indicate  that  when  the  cell  is 
killed  by  high  concentration  of  oxygen  iTitraceUular  oxidations  slop. 

The  remaining  experiments  given  in  tables  3  to  6  ore  on  intensive 
search  for  any  sUght  effect  of  oxygen  concentration  on  the  rate  of 
intracellular  oxidations.  The  source  of  error  in  tables  1  and  2  due  to 
death  of  cells  was  carefully  eliminated.  The  results  in  tables  4,  5  and 
6  show  the  uniformity  and  accuracy  obtainable  by  Winkler's  method 
with  Paramecium  in  tap  water. 

In  order  to  detect  any  slight  effect  of  concentration  of  oxygen  on  the 
rate  of  intracellular  oxidation  which  might  occur,  two  types  of  experi- 
ments were  tried.  The  first  type  is  represented  in  table  3  and  con- 
sisted in  determining  the  time  rate  of  oxygen  absorption  beginning  at 
a  concentration  which  is  near  the  lower  limits  of  the  oxygen  concen- 
tratitHi  in  which  Paramecium  can  survive.  The  cells  were  allowed  to 
begin  the  consumption  of  a  quantity  of  oxygen  equivalent  to  an  aver- 
age of  1.476  cc.  thiosulfate  per  137  cc.  volume.  The  amounts  of  oxy> 
gen  consumed  in  successive  periods  of  time  were  determined  in  order 
to  see  if  the  amount  of  oxygon  consumed  per  hour  differed  as  the  con- 
centration became  less.  The  results  are  given  in  table  3  and  are  shown 
in  the  curve,  figure  1.  At  the  end  of  seven  and  one-half  hours  the 
first  Paramecia  in  the  bottles  were  just  beginning  to  die-  Hence  the 
results  up  to  and  including  the  first  seven  and  one-half  hours  are  free 
from  sources  of  error  due  to.  death.  During  the  period  from  seven 
and  one-half  to  ten  hours  an  increasing  number  of  deaths  took  place 
but  the  proportion  of  dead  to  living  cells  was  small  hence  the  decrease 
in  the  amounts  of  oxygen  absorbed  due  to  death  is  not  noticeable  from 
the  figures.  With  the  exception  of  the  first  four  hour  period,  the  oxy- 
gen consumed  per  hour  is  practically  the  same  even  down  to  the  con- 
centration which  is  unable  to  support  the  life  of  the  cell.  During  the 
first  four  hour  period  slightly  more  oxygen  was  absorbed  per  hour  than 
in  the  period  from  four  to  seven  and  one-half  hours.     This,  as  was 
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discovered  later,  is  very  probably  due  to  the  pn^ressive  diiference  in 
the  nutrition  of  the  cells  under  conditions  of  starvation.  This  point 
will  be  dealt  with  in  a  subsequent  paper.  From  this  experiment  the 
rate  of  intracellular  oxidation  seems  to  be  quite  independent  of  the 
concentration  of  oxygen,  even  at  very  low  concentrations,  yet  the  cell 
is  unable  to  absorb  the  oxygen  (at  a  sufficiently  rapid  rate?)  below  a 
certain  tninimal  concentration. 


Fig.  1 

It  is  evident  that  this  minimal  oxygen  concentration  varies  for 
different  individual  cells,  for  most  of  the  Paramecia  were  still  normal 
and  active  at  the  end  of  ten  hours  or  at  a  concentration  equivalent  te 
0.41  cc.  thiosulfate  per  137  cc.  of  water,  while  others  died  at  a  concen- 
tration equivalent  to  0.56  cc.  of  thiosulfate  per  137  cc.  of  water.  Evi- 
dently different  cells  differ  in  their  ability  te  absorb  oxygen  at  certain 
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low  conoentrationg.    What  factors  detennine  what  this  minimal  con- 
oentratioD  shall  be  for  each  cell? 

The  second  type  of  experiment  was  tike  that  used  in  tables  1  and  2 
except  that  a  larger  number  of  bottles  was  used  and  the  error  due 
to  death  of  Parsmecia  was  carefully  avoided  by  stopping  the  experi- 
ment  before  or  when  first  signs  of  injury  or  death  of  cells  were  noticed. 
Greater  care  was  also  employed  in  manipulation  and  preparation  of 
the  Paramecia.    Table  4  gives  the  results  of  an  experiment  lasting 


Shoving  the  rate  <^  oxygen  contumplimt  by  Paramecium  in  lotp  oxj/gen  eoncen- 
Iration.  ParmAeeia  not  itarved  but  removed  tHreeUv  to  elerik  tap  water,  wathed 
three  timet  and  then  vied.    Volume  of  bottle*  197  ce.    1  cc.  tMoiulfate  —  0.1S8 


W*.t 

•c. 

OHCB 

an  BM. 

ot\'m. 

o??7£. 

"r-^ 

BOTTLE 

•1 

k 

ii 

ll 

88 

6 

6 

k 

11 

8-S 

6 

k 

4 

■Tt^. 

(Tii. 

Ml. 

itio- 

Sip. 

itio. 

lEi. 

iTi^. 

Uii. 

ui. 

,fi. 

iw. 

1 

1.48 

1.4S 

0.90 

0.72 

o.eo 

0.40 

out 

2 

1.40 

1.45 

).86 

).68 

0,65 

1.4« 

n.a 

3 

1.S6 

1.47 

).89 

o.es 

0,67 

0.44 

n,,t! 

.     * 

0.90 

0.72 

0.63 

0.37 

0.33 

1.47ft 

1.456 

0.SS7 

o.se9 

0.092 

o.rei 

0.663 

O.SOi 

0.417 

1.039 

0.287 

i.m 

Iodine  &d. 

•orbed  by 
Farunecia. 

0.02 

two  hours  and  thirty-five  minutes.  At  the  end  of  this  time  the  fiist 
signs  of  abnormal  movement  occurred  in  those  ftnimftln  in  high  con- 
centration of  oxygen.  The  difference  in  the  quantitites  of  oxygen 
used  by  the  two  sets  of  cells  Ues  within  the  limits  of  error  of  the 
experiment. 

In  table  5  are  given  results  of  an  experiment  which  differs  chiefly 
from  that  of  table  4  in  that  the  duration  of  the  experiment  was  much 
longer  (thirteen  hours).  The  oxygen  concentrations  also  only  differ 
by  an  amount  which  is  often  met  with  by  the  organisms  in  nature. 
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Semi-starvation  of  the  animals  previous  to  the  experiment  took  place 
in  clear  native  medium  for  twenty-four  hours.  They  were  then  washed 
and  starved  for  a  second  period  of  twenty-four  hours  in  tap  water, 
before  using.     The  protoplasm   of   the   oeUs  was  clear.     They   had 

TABLE  4 

Paratntcia  tlarved  fifteen  hourt  tn  sterih  ioater,  then  waihed  tkree  timea  in  tltrile 
tap  water  before  using.  Volume  of  botllea  137  ee.  1  ee.  thioaulfale^  O.ISS  ec. 
Oi.    Temperature  IIS^.1''C. 


*«^«"« 

""wuf™' 

WTItB 

1       1       2 

3       1      4 

U..A.U 

Bl>nk( 

MM 

Oi 

A.  Low  Ot 

coDcentrstioQ 

ec.au. 

a.J,u 

a.tUo. 

«.Uis 

1 

2.68 

2.65 

2.50 

All  perfectly  normal  and  active 

2 

2.76 

2,65 

2.42 

St  ead  of  2  hra.  and  35  min. 

3 

2.73 

2.65 

2.38 

4 

2.75 

2,70 

2.« 

5 
6 

2.40 

1 

2.75 

266 

2.42 

O.ti 

Iodine  adsorbed... 

o.m 

B.  High  0, 

concentration 

1 
2 
3 
4 
5 

11.50 
11.65 
11,55 
11,70 

11,35 
11,40 
11,45 
11,45 

11,25 
11,14 
11.25 
11.05 
11.10 

At  2  bra.,  35  a 
ming  slowly, 
but  none  wer 

lin.  many  swim- 
a  few  deformed 
e  dead 

. 

11  60 

11-41 

11,16 

o.ts 

Iodine  adsorbed... 

0  19 

therefore  entered  upon  a  stage  of  "acute"  starvation  unlike  those  in 
the  experiment  of  table  3.  The  oxygen  consumption  was  independent 
of  the  concentration  of  oxygen.  This  experiment  was  repeated  with 
the  same  results.     It  should  be  noticed  in  this  experiment  where  the 
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animals  were  Beverely  starved,  that  all  the  Paramecia  in  low  oxygen 
concentration  were  still  alive  at  an  average  concentration  of  0.13  cc. 
thiosulfate  per  137  cc.  water,  while  in  the  experiment  in  table  3  where 
the  animals  had  not  been  starved  previous  to  the  experiment,  they 

TABLES 

Paramtcia  partly  atanted  for  Iwenty-Jour  howrt  in  clear  native  medium,  then  for 
Iwenty-foutt  in  tap  watCT,  wathed  twice  then  uted.  Volume  of  bottlei  1S7  ec.  I 
ce.  IhioMulfale  -  0.1S8  cc.  0,.    Temperature  tS  ^.fC. 


A.  Low  0, 

concentration 

CC.1U,. 

a.Uu). 

a.lku 

a.iku 

1,67 
1.68 
1.66 

1.65 
1.50 
1.60 

0.10 
0.20 
0.10 
0.10 
0.15 

All  perfectly  normal  at  end 
13  hra.    None  dead. 

of 

. 

1.60 

1.55 

0.13 

i.m 

Iodine  8dBorb«d... 

0.05 

B.  High  0, 

concentration 

1 
2 
3 
4 
6 

4.40 
445 
4.45 

435 
4.40 
43> 

3.01 
2.99 
3.02 
2.93 
2.90 

All  perfectly  normal  at  end  of 
13  hra.    None  dead. 

Average 

4.43 

4.366 

2.97 

l.SBe 

Iodine  adsorbed... 

0.064 

began  to  die  at  a  concentration  of  oxygen  equivalent  to  about  0.56  cc. 
of  thiosulfate  per  137  cc.  This  suggests  that  the  nutritive  condition 
of  the  cells  is  one  of  the  factors  which  determines  the  minimal  con- 
centration of  oxygen  at  which  oxidations  in  the  cell  and  life  can  proceed. 
All  of  the  previous  experiments  were  carried  out  at  a  temperature 
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of  25^.1  or  .2°C.  It  was  thought  that  if  the  temperature  was  lowered 
and  the  duration  of  the  experiment  was  increased  that  possibly  any 
slight  effects  of  differing  oxygen  concentration  on  the  rate  of  oxidations 
might  appear.    Table  6  gives  the  results  of  an  experiment  carried  on 

TABLE  « 

Parmitecia  ttarped   lieenly'/oitr   houra   tn  diluted  neilive   medium.     Waahed  three 

timea  tn  tUriU  tap  loater   before  uainf.    A   very  concentrated  tVBpention  of 

Paramecia  iBa»  uaed.     Volume  of  bottlea  137  ec.    1  ce.  thtotulfate  >  0.1S8  ec. 

Of    Temperature  tS.B'^.t'C. 


A.  Low  0, 

concentration 

a.Au, 

tctkio. 

«.!*«.. 

ee.lkia. 

1.80 

1.65 

0.80 

All  alive  and  active  at  end  of 

1  80 

1.65 

0.87 

20  hra. 

1.85 

1.60 

0.87 

1.67 

0.90 

i.as 

0.85 

Averwt 

1.81 

1,66 

086 

o,so 

Iodine  adsorbed... 

0.15 

fi.  High  0, 

concentration 

1 
2 
3 

t 

7.10 
7.05 
7.00 

6.70 
6.85 
6.80 
6.80 

5.90 
5.95 
5.90 
fi.OO 
6.00 

All  alive  and  active  at  end  td 
20  bn. 

Averaee            ' 

7.05 

6.79 

5.95 

o.ai 

Iodine  adsorbed. . . 

0.26 

at  13.5^C.  In  ttus  experiment  there  were  at  least  three  times  as  many 
Paramecia  in  1  cc.  as  in  any  of  the  previous  experiments;  this  accounts 
for  the  large  amount  of  iodine  adsorbed  by  the  Parunecia.  The 
difference  in  the  average  amounts  of  oxygen  consumed  in  twenty 
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hours  was  0.04  cc.  thiosulfate.  This  lies  within  the  limits  of  possible 
error  for  the  experiment  so  that  no  evidence  was  found  for  an  effect 
of  oxygen  concentration  on  oxidations  at  this  low  temperature. 

Concentration  of  oxygen  and  rate  of  intracellular  oxidations  in  other 
animals.  It  has  generally  been  agreed  among  physiologists,  on  the 
basis  of  results  from  experiments  on  mammals,  that  the  rate  of  intra- 
cellular oxidations  is  widely  independent  of  the  concentration  of 
oxygen  in  the  medium  surrounding  the  cells.  These  animals  are 
obviously  poorly  adapted  for  experimentation  where  accurate  quanti- 
tative data  on  such  questions  as  the  rate  of  oxidations  in  the  cell  under 
normal  conditions  are  desired. 

In  experiments  on  certain  invertebrates  Thunberg  (6)  found  that 
by  placing  Lumbricus  in  96  per  cent  oxygen  the  oxygen  consumption 
was  44  per  cent  greater  than  that  in  air.  For  Limax  similar  results 
were  obtained,  and  by  lowering  the  concentration  of  oxygen  the  rate 
of  oxygen  consumption  by  Tenebrio  and  Limax  decreased.  Later 
Henze  (7)  found  that  the  quantity  of  oxygen  absorbed  per  hour  by 
the  coelenterates  Actinia,  and  Aneraonia,  and  the  worm  Sipunculus 
was  influenced  very  largely  by  the  concentration  of  dissolved  oxygen. 
tn  other  animals  sUch  as  the  crustacean  Carcinus,  the  molluscs 
Aplysia  and  Eledone  and  the  bony  fishes  Coris  and  Sargus,  the  rate  of 
oxygen  consumption  was  quite  independent  of  the  concentration  of 
oxygen.  Thunberg  interpreted  his  results  to  mean  that  the  rate  of 
intracellular  oxidations  was  determined  by  the  mass  of  the  reacting 
substances  according  to  the  mass  law,  when  the  oxygen  concentration 
was  below  a  certain  value.  Above  this  concentration  of  oxygen  no 
increase  in  oxygen  consumption  was  to  be  elected  because  for  all 
practical  purposes  it  could  be  considered  infinite  in  amount  and  there- 
fore had  the  same  relation  to  the  reaction  velocity  and  equilibrium 
conditions  of  the  oxidation  reaction  as  the  concentration  of  water  haa 
to  the  reaction  velocity  and  equilibrium  in,  for  example,  the  inversion 
of  cane  sugar. 

Henze  interprets  his  results  in  essentially  the  same  way  as  Thun- 
l>erg  does  but  su^eets  that  in  cells  where  the  actual  rate  of  oxygen 
ccnsumption  due  to  oxygen  deficiency  is  below  the  maximum,  an- 
aorobic  processes  supplement  the  aerobic  processes  and  as  a  result  the 
eells  do  not  die  because  of  too  low  oxygen  concentration.  To  sum  up,  the 
results  so  far,  on  lower  animals  indicate  that  the  relation  between  the 
concentration  of  oxygen  and  the  rale  of  intracellular  oxidations  differs 
in  different  animals,  in  particular  with  respect  to  the  oxygen  concen- 
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tratioti  at  which  an  effect  on  the  oxidative  processes  is  noticeable. 
Much  greater  accuracy  in  the  methods  for  quantitative  studies  on 
intracellular  oxidation  in  multicellular  animals  is  necessary  before  a 
satisfactory  statement  in  detail  of  the  conditions  for  these  forms  can 
be  made. 


■  I.  Paramecium  serves  as  an  ideal  organism  for  accurate  quantita- 
tive studies  on  intracellular  oxidations. 

2.  In  Paramecium  the  oxidations  stop  when  the  cell  is  killed  by  too 
high  oxygen  concentration. 

.  3.  In  a  pure  line  of  Paramecium  from  the  same  culture  different 
cells  differ  in  respect  to  the  minimal  oxygen  concentration  in  which 
they  can  continue  to  live. 

4.  The  rate  of  intracellular  oxidation  in  Paramecium  is  independent 
of  the  concentration  of  oxygen.  The  concentration  of  oxygen  may 
vary  from  a  minimum  of  about  0.04  cc.  of  Oi  at  N.T.P.  per  137  cc.  to 
2.2  cc.  Oj  at  N.T.P.  per  137  cc.  or  fifty-five  times  the  minimal  concen- 
tration, without  affecting  the  rate  of  oxidations.  This  is  true  for  a 
temperature  of  13.5"  as  well  as  25°C. 
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QUANTITATIVE  STUDIES  ON  INTRACELLULAR 
RESPIRATION 

II.  The  Rate  of  Oxidations  in  Parauecium  caitdatuu  and  its 
Independence  op  the  Toxic  Action  of  KNC 


From  Ae  De-partment  of  Animal  Biology,  Vnivertity  o/  iiitmetota 
Received  for  publication  January  9,  191 ; 

Most  of  the  recent  work  od  the  problem  of  the  nature  of  the  effects 
of  anesthetics  aod  narcotics  on  cells  seems  quite  definitely  to  support 
the  conclusion  that  these  substances  do  not  exert  their  distinctive 
effects  upon  cells  by  primarily  inhibiting  intracellular  oxidations. 
Where  a  lowered  rate  of  oxygen  consumption  or  carbon  dioxide  pro- 
duction as  the  result  of  injection  or  immersion  in  solutions  of  alcohol, 
ether,  chloral  hydrate  and  the  urethanes  has  been  observed,  it  can 
usually  be  interpreted  as  an  indirect  effect,  due  for  example  to  lowered 
muscular  tone  or  death  of  cells  (1),  (2),  (3),  (4). 

In  striking  contrast  to  these  experimental  results  stand  those  from 
the  cyanides.  It  is  very  generally  agreed  that  the  toxic  action  of  the 
latter  is  due  to  their  specific  power  of  inhibiting  intracellular  oxida- 
tions. Any  ceil  which  can  be  isolated  and  subjected  to  direct  observa- 
tion of  its  structure  and  visible  processes  under  experimental  conditions 
has  often,  for  obvious  reasons,  many  advantages  over  complex  cell 
aggregates;  consequently  some  of  the  most  direct  and  convincing 
evidence  for  this  specific  inhibitory  action  by  the  cyanides  has  been 
obtained  from  experiments  on" sea  urchin  eggs  (5),  (6). 

On  the  basis  of  this  and  other  evidence  for  specific  inhibitory  action 
by  cyanides  on  intracellular  oxidations,  hypotheses  and  conclusions 
have  often  been  arrived  at  by  others  which  if  proven  to  be  correct  are 
of  importance.  Potassium  cyanide  has  been  used  in  studies  on  the 
action  of  the  respiratory  center  in  mammals,  its  effects  being  attributed 
to  its  inhibitory  action  on  the  oxidations  in  the  nerve  cells  of  the  re- 
spiratory center  (7).  Child  (8)  and  his  colleagues  have  made  extensive 
use  of  the  susceptibility  of  organisms  to  the  toxic  action  of  the  cyanides 
3» 
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in  studies  on  morphogenesis.  They  assume  that  the  rate  of  oxidations 
serves  as  the  most  satisfactory  available  measure  of  the  rate  of  (total?) 
metabolism,  and  that  the  rate  of  metabolism  determines  the  course  of 
morphogenetic  processes,  such  for  example  as  localization  of  body  axis 
in  regenerating  pieces  of  planaria  and  various  coelenterates.  If  the 
cyanides  do  have  a  specific  inhibitory  effect  on  oxidations  in  general 
they  naturally  offer  interesting  possibilities  for  experiment. 

The  purpose  of  the  present  paper  is  to  show  that  in  Paramecium 
caudatum  the  rate  of  intracellular  oxidations  is  entirely  independent 
of  the  action  of  KNC  even  in  concentrations  which  injure  and  finally 
kill  the  cell  by  cytolysia. 

■  HATE  OP  OXYGEN  CONSUMPTION  BY   PARAMECIUM  IN  SOLUTIONS  OF  KNC 
IN   TAP   WATER 

The  procedure  for  oxygen  determination  and  preparation  of  Para- 
mecia  has  been  described  in  a  previous  paper  (9).  Table  1  gives  the 
results  of  a  preliminaiy  experiment  carried  out  before  the  methods 
described  in  the  first  paper  of  this  series  had  been  fully  worked  out, 
therefore  several  sources  of  error  such  as  that  in  the  filling  of  the  bottles, 
adsorption  of  iodine  and  the  drawing  of  samples  of  Paramecia  from  the 
suspension  were  not  eliminated  as  fully  as  in  the  remaining  three  experi- 
ments. It  is  given  because  in  spite  of  some  non-uniformity  in  oxygen 
concentration  in  the  bottles  the  results  show  very  clearly  that  KNC 
does  not  inhibit  the  oxidations  to  any  noticeable  degree  even  in  the 
concentrations  which  killed  some  or  nearly  all  of  the  Paramecia. 

It  will  be  seen  from  column  7  that  in  those  bottles  where  a  lai^ 
number  of  Paramecia  were  dead  at  the  end  of  fifty-one  hours,  the  total 
oxygen  consumed  was  in  general  a  little  less  than  in  the  bottles  where 
all  the  Paramecia  were  living.  The  average  quantity  of  oxygen  con- 
sumed which  is  equivalent  to  2.32  cc,  thiosulfate  per  150  cc,  was  prac- 
tically the  same  in  the  bottles  containing  Paramecia  without  KNC 
(column  4),  as  in  those  bottles  indicated  by  the  bracket  in  column  7 
where  it  was  equivalent  to  an  average  of  2.43  cc.  thiosulfate  per 
150  cc.  The  lower  average  oxygen  consumption  in  column  7  is  entirely 
accounted  for  by  the  death  of  Paramecia  which  occurred  during  the 
experiment  in  the  higher  concentrations  of  KNC.  In  spite  of  the 
evident  errors  due  to  non-uniformity  in  conditions  for  each  bottle  the 
fact  is  clear,  from  a  glance  at  the  figures  in  columns  2,  4  and  7,  that 
intracellular  oxidations  were  not  inhibited  to  any  marked  degree  by 
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the  cyanide  cither  in  the  weak  or  in  the  Btrong  concentrations,  and  that 
an  average  of  almost  3.00  cc.  thiosulfate  equivalent  of  oxygen  was  con- 

TABLB  I 

Preliminary  experiment.     Boltlea  were  filled  from  lap  by  rubber  lube.     The  Para- 

meeia  were  eentri/uged,  wathed  twice  in  lap  vtater  and  used  immediately  without 

ttarning.     The  KNC  tohuion  uaa  first  added,  titen  I  cc.  Parameeium  euepension 

UKM  added  and  the  botUe  stoppered  and  shaken.     Temperature  tl  *  t°C. 
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1                    1 
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2               I 
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2  02 
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3,43 
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3               1 

47    S.05 
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3.00 
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143 

3.53 

About  1  livinR 

4               1 

39  5.30 
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About  )  living 

5               1 

»  6.25 
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2,40 
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More  thsD  i  alive 

6               1 
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Some  dead 
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2,23 
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0.8 

163^2,  7j 
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11 
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0.6 
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1 

12 
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2.40 

0-4 

1522,65 

\  None  dead  in  any  of  these 

13 
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2.90 

0,2 

160;2,65 

1       bottles 

14 

156 

2,32 

0.2 

14; 2.1- 

15 

0.1 

1662.66 

16 

0,05 

13811,8 

Average        cubic 

cent i meters    of 

Ihio.  per  150  cc. 

5.87 

t.se 

i.7i 

sunied  by  the  Paramccia  in  the  KNC  solutions.  Is  the  rate  of  oxida- 
tions in  Paramecium  completely  unafrect(>d  by  cyanide?  For  an  answer 
to  this  question  greater  degree  of  accuracy  is  necessary. 
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In  the  following  experiments  the  bottles  were  of  equal  volume  and 
contained  nearly  equal  amounts  of  oxygen,  the  degree  of  accuracy  is 
greatest  in  experiments  the  results  of  which  are  given  in  tables  2  and  3. 
Controls  for  determining  the  average  amount  of  iodine  adsorbed  by 
Paramecia,  are  given  in  columns  1  and  2.  This  is  equivalent  to  0.43 
cc.  thiosulfate,  a  relatively  large  amount  due  to  the  large  number  of 
Paramecia  in  each  bottle  (table  2).  The  Paramecia  in  bottles  contain- 
ing 3  and  2.6  cc.  n/10  KNC  would  probably  not  have  lived  more  than 
a  few  hours  longer,  for  a  number  in  each  bottle  were  dead  and  many 
were  defonned  Euld  showed  abnormal  swimming  movements.  In 
bottles  containing  less  than  1.4  cc.  m/10  KNC  the  cells  were  perfectly 
normal  and  active  and  would  undoubtedly  have  hved  much  longer. 
In  other  experiments  similar  to  this  one  the  Paramecia  lived  in  con- 
centrationfi  of  0.05  cc.  up  to  0.4  cc,  n/10  KNC  in  137  cc.  tap  water 
for  several  days,  until  nearly  all  the  oxygen  was  consumed  or  death 
occurred  as  a  result  of  starvation.  The  average  amount  of  oxygen  in 
cubic  centimeters  of  thiosulfate  remaining  after  sixteen  and  one-half 
hours  in  the  first  six  bottles  of  column  5  is  4.42.  That  of  the  last  six 
bottles  is  4.54  cc.  thiosulfate.  No  animals  had  died  in  any  of  the  bot- 
tles although  the  concentrations  of  KNC  in  the  first  three  bottles  were 
sufficient  to  kill  many  of  the  Paramecia  had  they  been  left  for  twenty- 
eight  hours  as  shown  in  column  7.  Evidently  a  lethal  concentration  of 
KNC  in  this  case  accelerated  the  oxidations  or  else  was  entirely  without 
effect.  The  first  three  bottles  (column  7)  show  a  slightly  lower  oxygen 
content  than  the  remaining  ones.  The  only  way  I  can  account  for 
this  is  by  an  accelerating  effect  or  increased  oxygen  consumption  due 
to  stimulation  of  the  organisms  by  the  cyanide  or  more  probably  by 
errors  in  filling  bottles. 

A  final  experiment  (table  3)  was  performed  in  which  the  greatest 
care  was  taken  to  avoid  errors  in  manipulation.  The  range  of  varia- 
tion of  the  cyanide  concentrations — 5  cc.  to  0.05  cc.  n/10  KNC — was 
greater  than  in  previous  experiments.  It  happened  that  the  resistance 
to  KNC  of  this  lot  of  pure  line  Paramecia  was  greater  than  that  of  those 
used  in  any  of  the  previous  experiments  so  that  at  the  end  of  twenty- 
nine  and  one-half  hours  relatively  very  few  Paramecia  were  dead,  even 
in  the  bottle  containing  5  cc.  n/10  KNC.  Kesults  of  an  analysis  of  the 
conditions  for  variability  in  resistance  to  KNC  by  Paramecium  will  be 
given  elsewhere. 

At  the  end  of  ten  hours  all  Paramecia  were  alive  in  all  the  bottles. 
Those  in  the  bottles  containing  5  cc.  KNC  were  moving  more  slowly 
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thaD  the  others  and  a  few  were  abnormal  in  shape,  an  indication  that 
death  was  approaching.     At  twenty-nine  and  one-half  hours  a  few  were 


Paramecia  tlarted  in  cleai 

lap  waUr  Iwicf,  then  used.    All  bottles  had  a  volume  of  137 • 


TABLE  a 
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5.27 
0.43 

— 

4,48 

— 

4,14 

Iodine  adBorbed.. 



Average  O,   cod- 

dead  in  the  remaining  bottle  containing  5  cc.  KNC.  Blistera  were 
present  in  many  and  movement  was  slow.  In  4  cc.  KNC  a  very  few 
were  dead,  many  moved  slowly.     In  the  remaining  bottles  there  was 
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an  increasing  number  of  normal  Paramecia  until  in  the  bottle  contain- 
ing 3  cc.  KNC  no  injurious  effect  on  form  or  movement  could  be  seen. 
One  cubic  centimeter  of  Paramecium  suspension  contained  relatively 
few  individuals  in  this  experiment  as  shown  by  the  small  amount  of 
iodine  adsorbed  which  was  equivalent  to  only  0.13  cc.  thiosulfate. 

TABLE  3 

Paramecia  atarvtd  in  native  Tn^dium  for  Si  hourg,  icasktd  tvrice  and  ttarved  in  lap 

water  for  It  hourt,  then  uted.     All  botUet  IS7  cc.     Temperature  tt°C. 
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■s 

0.95 

2.01 

As  a  further  control  for  this  experiment  the  average  amount  of 
oxygen  per  bottle  absorbed  by  the  same  number  of  Paramecia  in  tap 
water  withoid  cyanide  was  determined  and  found  to  be  the  same  aa  the 
average  amount  of  oxygen  absorbed  by  the  Paramecia  in  the  cyanide 
solutions.  This  control  was  a  part  of  another  experiment  carried  out 
for  a  different  purpose  but  with  the  same  Paramecium  suspension  and 
at  the  same  time  as  the  experiment  in  table  3.  It  is  not  included  in 
the  table. 
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The  foregoing  experimente  therefore  demonstrate  beyond  doubt 
that  the  rate  of  oxidations  is  entirely  independent  of  the  toxic  action 
of  the  cyanide.  They  further  indicate  that  after  cytolysis  has  occurred 
no  more  oxygen  is  used  up.  To  further  test  this  interesting  point  the 
following  experiment  was  carried  out. 

Sixteen  bottles  of  equal  volume  {137  cc.)  were  filled  with  tap  water 
and  divided  into  four  sets,  indicated  below  in  table  4  by  A,  B,  C  and  D. 
One  cubic  centimeter  of  Paramecium  suspension  was  then  added  to 
each  bottle  and  immediately  thereafter  the  quantities  of  cyanide  given 

TABLE* 

Same  Parametium  »ii»ptrmon  at  u»ed  in  experiment  in  table  S.     Volume  of  botUes 
1S7  cc.;  v/l  KNC  wa»  tt»ed.    Temperature  tfC. 
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in  the  table  were  added  to  the  bottles  of  sets  li  and  D.  The  con- 
centration of  the  KNC  solution  was  n/1  or  ten  times  greater  than  that 
used  in  the  previous  experiments,  in  order  that  the  Paramccia  might 
be  killed  quickly.  Any  oxygen  consumed  by  the  cytolysed  cells  could 
then  be  detected.  Sets  A  and  B  were  analyzed  at  once,  serving  as 
controls.  Sets  C  and  D  were  analyzed  at  the  end  of  twenty-five  and 
one-half  hours.  Itecords  of  the  death  rate  of  the  animals  were  taken 
at  fre(iuent  intervals. 

All  the  Paramecia  in  all  the  bottles  containing  5  and  4  cc.  KNC  were 
dead  at  the  end  of  fifty  minutes.  All  the  Paramecia  in  the  remaining 
bottles  died  within  eight  hours  from  the  beginning  of  the  experiment. 

The  oxygen  content  at  the  end  of  twenty-five  and  one-half  hours,  io 
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the  bottles  containing  3  and  2  cc.  KNC  shows  that  some  oxygen  had 
been  consumed;  this  is  to  be  expected  since  many  of  the  Paramecin 
remained  alive  for  from  one  hour  in  the  bottle  containing  3  cc.  KNC 
to  about  seven  hours  in  the  bottle  containing  2  cc,  KNC,  This  experi- 
ment with  the  previous  ones  cleariy  shows  that  the  oxidations  stop 
when  the  cell  is  killed  by  KNC. 

Does  KNC  inhibit  oxidations  which  might  go  on  in  cytolysed  cells 
of  Paramecium  in  the  absence  of  KNC?  The  answer  is  that  there  are 
in  all  probability  after  cytolysis-  of  the  cell,  no  oxidations  to  be  in- 
hibited by  KNC,  for  it  has  been  shown  by  Warburg  (6)  that  when  fer- 
tilized sea  urchin  eggs  are  killed  by  mechanical  disintegration  the 
oxidations  practically  cease.  It  was  further  shown  in  a  previous 
paper  (9)  that  intracellular  oxidations  in  Paramecium  stop  when 
the  cell  is  killed  by  too  high  oxygen  concentration.  In  other  words 
it  appears  that  the  oxidations  stop  regardless  of  the  methods  used  for 
bringing  about  cytolysis.  Warburg  (6)  attributed  this  disappearance 
of  oxidations  in  fertilized  sea  urchin  eggs  to  disappearance  of  the 
structure  of  the  protoplasm  during  cytolysis.  Id  other  words  that 
maintenance  of  the  structure  of  protoplasm  was  a  necessary  condition 
for  continued  intracellular  oxidations.  There  are  reasons  for  believing 
that  the  conditions  for  intracellular  oxidations  which  are  related  to 
the  ordinary  respiratory  process  in  cells,  for  example  in  the  muscle 
cell,  are  difiFerent  from  the  conditions  in  such  types  of  oxidations  as 
occur  in  extracts  of  cells,  for  example  the  oxidation  of  tyrosin  in  potato 
juice.  For  the  muscle  cell  the  observations  of  Fletcher  and  Hopkins 
(10)  indicate  that  the  oxidation  of  or  more  probably  the  oxidation 
leading  to  replacement  of  lactic  acid  is  conditioned  by  the  existence  of 
a  normal  cell  structure,  and  that  when  the  cells  are  mechanically 
disintegrated  the  conditions  for  oxidation  or  replacement  of  lactic 
acid  are  largely  removed.  The  oxidation  of  tyrosin  by  means  of  the 
oxidase  tyrosinase  continues  in  aqueous  extracts  of  the  cells  of  various 
fungi  (II).  These  and  other  facts  indicate  that  biological  oxidations 
of  carbohydrates  and  lipoids  and  their  physiological  derivatives  which 
are  concerned  with  transformation  of  energy  from  oxidations  into 
mechanical  work  may  occur  under  quite  different  conditions  than  those 
which  occur  in  solutions  of  tissue  extracts.  Perhaps  one  should  there- 
fore not  wonder  that  enzymes  which  facilitate  oxidations  of  sugars  and 
fats  in  presence  of  free  oxygert  have  not  been  found.  Further  work  on 
these  questions  is  necessary  before  any  satisfactory  conclusions  can 
be  drawn. 
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SDIOCART 

1.  The  rate  of  intracellular  oxidations  in  Paramecium  caudatum  is 
entirely  independent  of  the  toxic  action  of  KNC. 

2.  Inferences  based  on  supposed  similarity  of  action  by  KNC  on 
different  cells  in  respect  to  intracellular  oxidation  are  not  strictly  per- 
missible unless  it  is  shown  by  direct  measurement  on  each  type  of  cell, 
or  in  some  other  way,  that  KNC  inhibits  the  oxidations. 

3.  Intracellular  oxidations  stop  when  Paramecium  undergoes  cytoly- 
sis  in  KNC  solutions.  But  this  stopping  of  the  oxidations  is  not  nec- 
essarily correlated  with  the  toxic  action  of  KNC  for  oxidations  also 
stop  when  the  cell  is  killed  by  oxygen  in  too  high  concentrations. 

4.  If  no.  3  is  true  for  other  cells,  then  a  necessary  condition  foi*  proof 
that  cyanides  inhibit  oxidations  is  that  the  cells  treated  with  cyanide 
must  be  shown  not  to  be  cytolyaed  by  the  cyanide. 
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Existing  studies  of  the  effects  of  radium  radiations^  upon  protoplasm 
fail  to  yield  quantitative  data  of  sufficient  accuracy  to  form  a  basis  for 
an  investigation  of  the  nature  of  the  processes  involved.  A  search  has 
consequently  been  made  for  a  physiological  reaction  to  these  radiations 
which  could  be  measured  with  precision.  A  membrEuie  is  formed 
about  the  egg  of  the  marine  worm.  Nereis  limbata,  when  it  is  fertil- 
ized. If  the  egg  has  been  exposed  to  the  radiations  from  radium 
before  fertilization  occurs,  the  membrane  will  be  abnormally  thick 
when  it  is  formed.  The  volume  of  this  structure  is  a  function  of  the 
amount  of  radiation  which  the  eggs  have  received.  Because  the 
magnitude  of  this  change  is  great — several  hundred  per  cent — and 
because  it  may  be  produced  by  relatively  small  quantities  of  radiation 
a  very  precise  and  convenient  test  object  is  available,  which  may 
prove  of  value  in  solving  many  problems  in  the  physiology  of  radio- 
activity. * 

The  cortical  changes  which  accompany  Fertilization  of  this  egg  have 
been  described  by  Lillie  (1).  Upon  fertilization  the  vitelline  membrane 
of  the  unfertilized  egg  becomes  separated  from  the  underlying  pro- 
toi^asm  by  a  layer  of  fluid,  the  ■peHviteUine  space.  It  cannot  be  stated 
at  present  which  of  these  structures  is  altered  by  radiation.  The  word 
membrane  is  used  in  this  paper  to  denote  the  optically  homogeneous, 
colorless  layer  limited  by  the  outer  surface  of  the  egg  and  by  the  "gran- 
ular," yolk-laden  protoplasm. 

The  increase  in  volume  of  the  membrane  is  not  accompanied  by  any 
diminution  in  the  volume  of  the  "granular"  protoplasm  as  the  meas- 

'  We  are  indebted  to  Dr.  William  Duane  for  placing  a  supply  of  radium  belong- 
ing to  the  Cancer  Comraiasion  of  Harvard  University  nt  our  diaposal. 
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urements  in  table  1  indicate.  The  changes  produced  by  radiation 
cannot  be  considered  to  depend  on  the  secretion  of  an  unusual  quantity 
of  material  from  the  egg.  Rather  it  is  due  to  the  absorption  of  an 
abnormal  amount  of  sea  water,  or  some  of  its  component^.* 

The  swelling  of  the  membrane  of  radiated  eggs  takes  place  gradually 
during  a  considerable  interval  of  time.  A  consideration  of  figure  1 
win  show  that  the  rate  of  swelling  decreases  as  the  process  progresses. 
By  waiting  until  the  process  is  approaching  completion  errors  due  to 
slight  variations  in  the  time  of  measurement  are  minimized  and  the 
percentage  error  in  observation  decreased.  On  the  other  hand  eggs 
which  have  cleaved  cannot  be  measured  with  precision  because  of  the 
unequal  thickness  of  different  parts  of  the  same  membrane.     It  was 

TABLE  1 
September  It,  1917.     Nrreia  eggt  expoted  to  radium  emanation  for  fifteen  minutes 


■""■"mV"™"" 

,,„..,„ 

DIAHKTU 

"wi;:™™ 

'  m^fJ^ 

millim'ir  emli- 

» 

«. 

12 

0 

131.5 

3.5 

124.5 

11 

9.0 

U7.5 

9.0 

130.0 

11 

22.5 

152.0 

10,7 

130.5 

11 

100-8 

156.0 

HO 

127.0 

found  advisable  to  measure  the  membranes  fifty  or  sixty  minutes  after 
fertilization  during  the  warmer  partfl  of  the  summer;  as  much  as  an 
hour  and  a  half  could  be  allowed  to  elapse  in  cooler  weather.  In  every 
case  each  lot  of  eggs  was  measured  after  the  same  period  in  any  single 
experiment. 

The  influence  of  the  time  elapsing  between  radiation  and  fertiliza- 
tion upon  the  thickness  of  the  membrane  has  been  determined.  Sev- 
eral lots  of  eggs  from  a  single  female  were  exposed  to  a  glass  tul)e  12 
mm.  long  containing  37.5  millicurics  of  radium  emanation  at  a  distance 


'  The  pheDomenon  here  described  should  not  be  confused  with  the  observa- 
tion of  Packard  (2)  that  some  radiatpd  efocs  are  larfcer  than  unradiated  etocs. 
This  condition  which  apparently  occurs  only  when  the  egg  is  rndiated  more 
severely  than  in  the  proKcnt  experiments,  is  due  to  a  failure  of  the  cf;g  to  Hccrete 
its  jelly  layer  at  once.  I  have  not  observed  any  alteration  of  the  jelly  secretion 
at  the  doses  considered  in  this  paper.  Packard's  phenomenon  dilTers  also  from 
the  svrcllinit  of  (he  membrane  in  peraiating  only  eighty  minutes  after  fertilita- 
tion.    The  change  in  the  membrane  is  apparently  irreversible. 
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of  7  mm.  for  ten  minutea.  One  lot  of  these  eggs  was  fertilized  at  once 
and  other  portions  fertilized  after  increasing  intervals  of  time.  Meas- 
uremente  were  made  of  the  thickness  of  the  membranes  of  eggs  from 


Fig.  1.  Process  of  awelling  of  the  membraDe  of  a  single  Nereis  egg.  Time 
elapsiDg  after  fertilization  measured  in  minutes  along  the  abscissa.  Thickness 
of  membrane  measured  in  micra  along  the  ordinate.  At  A  polar  bodies  were 
formed.    At  B  the  first  cleavage  occurred. 


bad.."on""''™""^t:on 

«„-».« 

or.ooa>..,.c««o 

"■*"  "'".n""™*""" 

-"■ 

0 

10 

8.5  ±  0.4 

16 

10 

7.3*  0.4 

30 

11 

7.6=*.  0.3 

45 

12 

6.1*0.5 

60 

12 

9.6  ±0.2 

75 

10 

8.0±  0.2 

90 

10 

7.9*  0.3 

Uuradiated  control 

3.1*  0.1 

each  portion  between  fifty  and  sixty  minutes  after  fertilization.  In 
table  2  the  average  measurement  for  each  lot  of  eggs  is  tabulated. 
No  significant  recovery  of  the  eggs  occurred.    Within  the  time  limits 
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of  the  experiment  the  change  produced  by  radiation  ia  irreversible. 
Consequently  the  time  which  elapses  between  radiation  and  fertiliza- 
tion was  disregarded  in  subsequent  experiments. 

Measurements  were  made  according  to  the  following  routine.  A 
female  Nereis  which  had  been  caught  the  preceding  night  was  cut 
open  in  a  dry  watch  glass.  A  few  drops  of  eggs  were  placed  under  the 
tube  of  radium  emanation  for  the  desired  interval.  At  a  convenient 
time  thereafter — in  practice  never  more  than  fifteen  minutes  later — 
the  eggs  were  fertilized  and  placed  in  8  or  10  cc.  of  sea  water.  At  a 
definite  time  (depending  upon  the  temperature)  after  fertilization  a 
few  eggs  were  placed  in  a  hollow  ground  slide,  of  sufficient  depth  to 
prevent  compression  by  the  cover  glass,  and  measured  with  the  aid  of  a 

TABLES 

StpUmber  IS,  IBI7.  Nereit  egg»  expoatd  in  eueceeiipe  Ms  to  Si.O  miltieuriei  of 
radium  emanatiim  in  (ti5e  10.1  mm.  long,  6.S  mm.  distant,  for  ton  minutet  (,S8i 
millieurif  centimettr  minute*).  Metuured  ninety  to  lint  hundred  minutet  after 
ftTlilization 


7.05±  0.18 
fl.85±  0-30 
fl.70±  1.80 


high  power  objective  and  ocular  micrometer.  One  egg  after  another 
was  measured  as  rapidly  as  possible  during  five  or  t«Q  minutes.  Ten 
to  twenty-five  eggs  from  each  lot  were  measured,  their  average  taken 
and  from  these  figures  the  volume  of  the  membrane  was  computed-in 
cubic  micra,  taking  the  diameter  of  the  granular  protoplasm  to  be 
128  M-  In  practice  it  was  found  possible  to  measure  the  membrane — 
which  varied  under  the  conditions  of  experiment  from  O.S  to  7.0  divi- 
sions of  the  ocular  scale  (2.2  /ito  20  ju)  to  within  0.2  of  a  division  of 
the  scale  (0.56  n).  Ebcamination  of  the  data  will  show  that  the  prol>- 
able  error  of  the  mean  for  a  series  of  measurements  rarely  exceeds  5 
per  cent  of  the  whole.  In  order  to  test  practically  the  importance  of 
uncontrollable  sources  of  variation  several  lots  of  eggs  frotn  a  single 
female  wore  radiated  successively  with  the  same  tube  of  radium,  at  the 
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same  distance  and  for  the  same  time.  The  dosage  was  selected  so  as 
to  produce  a  membrane  of  such  a  magnitude  that  slight  differences  in 
treatment  could  be  most  readily  detected.  Measurements  were  then 
made  of  each  lot  of  eggs  at  a  uniform  time  aft«r  fertilization.  The 
values  obtained  are  recorded  in  table  3.  It  is  clear  that  variation  due 
to  uncontrollable  causes  is  very  slight  indeed. 

The  relation  between  the  quantity  of  radiation  and  the  amount  of 
effect  produced  upon  protoplasm  is  of  the  great«st  importance,  not 
only  because  of  its  obvious  bearing  upon  the  question  of  dosage  in 
radiotherapy,  but  because  its  establishment  will  enable  many  theo- 
retical and  practical  problems  in  the  physiology  of  radioactivity  to  be 
attacked.  The  quantity  of  rays  falling  upon  a  given  area  from  a  radio- 
active source  depends  upon  the  intensity  of  radioactivity  and  the 
time  during  which  it  acts.  Intensity  in  turn  depends  upon  the  quan- 
tity of  radioactive  substance  present,  and  its  distance  from  the  area 
under  consideration.  In  the  present  paper  a  notation  derived  by 
Dr.  Alexander  Forbes  from  the  formula  of  Wood  and  Prime  (3)  will 
be  employed  to  express  the  quantity  of  radiation.  As  a  standard  the 
intensity  of  rays  emitted  by  I  millicurie  of  radium  emanation  (I  mgm. 
element)  located  at  a  point  at  a  distance  of  1  cm.  b  taken  as  the  in- 
tensity unit  and  designated  1  milhcurie  centimeter.  The  quantity  of 
radiation  emitted  by  1  miUicurie  centimeter  in  one  minute  is  taken  as 
the  quantity  unit  and  designated  1  millicurie  centimeter  minute. 
Under  actual  conditions  the  radium  emanation  is  not  confined  to  a 
.  point  but  is  distributed  through  the  length  of  a  slender  glass  tube. 
Consequently  the  intensity  does  not  vary  inversely  with  the  square 
of  the  distance,  but  according  to  the  formula 


/  =  intensity  in  tdillicurie  centimeters 

Q  =  quantity  of  the  radium  emanation  in  miUicuries 
6  =  the  angle  measured  in  radians  between  a  perpendicular 
line  drawn  from  the  midpoint  of  the  tube  to  the  point 
under  consideration,  (i.e.,  the  radiated  cell)  and  a  line 
drawn  from  the  end  of  the  tube  to  the  same  point. 

a  =  perpendicular  distance  in  centimeters  from  tube  to  point 
under  consideration. 

b  =  one-half  length  of  tube  in  centimeters. 
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It  follows  that  the  quantity  of  radiation  is  expressed  by 
/■(    or 


Q0t 
a.b 


The  variables  to  be  studied  then  are  intensity  and  time.' 

A  series  of  experiments  was  performed  to  determine  the  rehttion 
between  the  degree  of  swelling  of  the  membrane  of  the  fertilized  Nereis 

TABLE  1 

September  S,  1917.     tfenit  eggi  radiated  for  variout  pertoda  at  an  intentilj/  qf 
M.I  miltteurie  cenlinefcr*.    Meatured  tixty  to  nxty-five  minutet  after  /erd'ltfo- 


A  - 

-  1.6              e 

-  8.12 

Kcau*  or  BOO* 

imaor 

7^'^7, 

:^M»';^ 

VOL».OM..». 

MI4*rUD 
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"•s:t" 
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"iss^tss;' 

■>»id. 

11 

6 

5.19*0.18 

4,72 

+0.47 

12 

10.5 

7.13*  0.19 

6.70 

+0.43 

12 

17.5 

8.89  ±  o.iS 

8,80 

+0.30 

11 

21.5 

8.80*  0.19 

9.22 

-0.42 

.      11 

26,0 

9.75*  0  25 

9.80 

-0.14 

11 

31.0 

11.10*  0.14 

10.52 

+0.58 

12 

860, 

10,$4*0,38 

11.08 

-0.40 

12 

41-0 

11.55*0.13 

11.50 

+0.0B 

12 

46.0 

12,09*0,34 

11.00 

+0.19 

12 

52.0 

12,05*  0,27 

12,32 

-0.27 

12 

96.0 

13,80*0,86 

12.60 

+1.30 

12 

60. 0 

12,40*  0,35 

12,82 

-0.42 

6 

0 

1,60*  0,06 

egg  and  the  length  of  radiation:  the  intensity  being  kept  constant. 
Several  drops  of  eggs  from  a  female  Nereis  were  placed  mider  a  tube 
12  mm.  long  containing  13.24  mc.  radium  emanation  at  a  distance  of 
6  mm.  At  intervale  a  small  drop  of  eggs  was  removed,  fertilized  and 
measured.    Table  4  indicates  the'  result. 

A  consideration  of  these  data  shows  that  as  the  period  of  radiation  is 
increased  the  volume  of  the  resulting  monbnue  is  also  increased. 


■  The  gluB.tube  was  sufficiently  thick  to  absorb  the  alpha  rays.  The  effects 
are  due  coDsequeutly  to  the  beta  and  gamma  rays.  The  distance  between  the 
tube  and  the  tissue  never  exceeded  2  cm.  The  absorption  of  rays  by  this  thick- 
ness of  air  probably  does  not  introduce  a  significant  error  into  these  experiments. 
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Fig.  2.  Curves  illUBtratiDg  the  influeace  of  intensity  of  radiation  upon  the 
amount  of  swelling  of  the  membraneB  of  Nereis  egga  produced  by  equal  quanti- 
ties of  radiation.  Quantities  of  radiation  in  millicurie  centimeter  minutes  are 
measured  logarithmically  along  the  abscissa.  Volumes  of  membranes  are  meas- 
ured in  100,000  cubic  micra  along  the  ordinate. 

A.  (September  13,  1917)  represents  the  effect  of  radiating  eggs  from  a  single 
female  for  various  periods  of  time  with  an  intensity  of  7.S  mc.  om. 

B.  (September  5,  1917)  illustrates  the  data  presented  in  table  4.    Intensity 


I  a  similar  experiment  made  with 


C.  (September  G,  1917)  represents  data  fro 
■a  intenaity  of  144  mo.  cm. 

Longer  periods  of  radiation  are  however  relatively  leas  effective  than 
shorter  periods.  The  volume  of  the  membrane  varies  directly  with 
the  lc^;arithm  of  the  time  of  radiation.  The  relationship  may  be  ex- 
pressed by  the  equation 

V  =  A  +  clogt 
where  V  is  the  volume  of  the  membrane  resulting  from  radiation  for 
a  given  time  t,  and  A  and  c  are  constants  depending  on  the  experi- 
mental conditions,  e.g.,  intensity  of  radiation,  temperature,  time  elaps- 
ing between  fertilization  and  measurement  of  membrane,  etc.     Values 
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for  Y  calculated  from  these  data,  taking  -4  =  —  1.6  and  c  =  8.12,  are 
included  in  table  4.  These  values  are  in  good  agreement  with  the 
observed  values.    In  figure  2,  B  is  a  curve  based  upon  these  data. 


TABLE  t 

Nereii  eggi  radiated  for  ptrioda  which  varied  inveraalg  with  Ihe  intentity  employed 

Sfpttmber  8, 1917.    Meatured  tixty  to  aepenly  minulei  cifter  ferlilitation 

a  -  -  0.02       6  -  1.128       e  -  3.75 


-^■J" 

«M, 

Tim 

Wb- 

TOLOuaor 

•OLTOB 

25 

8.94 

64.8 

•nOlicuru 

578 

8.40=t  0.19 

7.84 

+0.56 

25 

244 

34.3 

837 

6.60*0.19 

7.29 

-o.ao 

25 

2S.7 

23.4 

625 

5,98*  0.08 

6.72 

-0,74 

25 

37.3 

15.0 

560 

6,65*  0.12 

6.16 

+0.40 

25 

71.5 

7.9 

565 

5,13*  0.13 

5.43 

-0.30 

26 

172  0 

3.4 

585 

5.17*  0.14 

4.49 

+0,68 

SepUmber  tO,  1917.     Meaturtd  ninety  to  otie  hundred  mt'nule*  after  fertilitalion 
a -0.068       6-0.67       e-4.03 


25 

6.26 

72.5 

453 

7,80*0.25 

8.10 

-0.30 

25 

11.7 

40.0 

468 

6  80*  0.09 

7.24 

-0.44 

26 

16.0 

27  5 

440 

6.60*0.26 

6,57 

+0.03 

25 

28.0 

160 

448 

5  42*0.16 

5,34 

+0  08 

13 

47.7 

8.9 

424 

5.45*0.43 

5,01 

+0.44 

25 

71.6 

5.4 

387 

4,10*  0.16 

4.25 

-0.15 

25 

120.5 

36 

434 

4,88*  0-20 

3.73 

+0.9.. 

r  1$,  1917.     Meaturtd  ninety  to  one  hundred  minuiet  after  fertiliiation 
a  m  0.017       6  -  0.805       c  -  3.674 


25 

12 

4 

550 

25 

23 

1 

29.4 

16 

36 

2 

19.3 

25 

54 

9 

12.4 

25 

95 

8 

7.05 

25 

162 

5 

4  20 

23 

251 

0 

2  72 

682 

7,84*  0,12 

7.45 

+0,39 

032 

6.06*0  13 

6.65 

-0,50 

608 

6-62*0,17 

6,14 

+0.48 

681 

6-05*0.19 

5,50 

+0.46 

675 

3,62*  0.09 

4.91 

-0,29 

683 

5-27*  0.11 

4,29 

+0,98 

083 

3,22*  0,13 

3,76 

-0,54 

One  might  expect  the  effect  of  radium  radiations  upon  protoplasm 
to  be  a  linear  function  of  the  product  of  intensity  and  time;  that  is, 
to  be  proportional  to  the  number  of  rays  striking  the  cell  irrespective 
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of  their  distribution  in  time.  That  this  relation  is  not  true  is  clearly 
indicated  by  the  subsequent  data.  In  table  5  three  experiments  are 
recorded  in  which  the  time  of  radiation  and  its  intensity  wiere  so  varied 
as  to  keep  the  product  of  the  two  approximately  constant.  On  the 
above  supposition  the  volume  of  the  membranes  of  the  eggs  in  each 
experiment  should  have  been  the  same.  This  result  was  not  realized, 
the  membranes  being  more  voluminous  with  long  exposures  to  low 
intensities  than  with  short  exposures  to  high  intensities.  The  same 
condition  is  indicated  by  the  data  illustrated  in  figure  2.  Here  the 
volume  of  the  membranes  resulting  from  three  experiments  made  with 
three  different  intensities  of  radiation  are  plotted  gainst  the  logarithms 
of  the  quantity  (7.  0  of  radiation.  If  the  volume  were  a  function  of 
the  product  of  intensity  and  time  these  curves  should  be  superimposed. 
This  is  clearly  not  the  case;  the  curve,  A,  made  at  the  lower  intensity 
indicates  a  much  greater  volume  for  a  given  quantity  of  radiation  than 
do  the  curves,  B  and  C,  made  at  higher  intensities. 

A  consideration  of  additional  data  has  suggested  that  the  equation 
relating  intensity,  /,  and  time,  t,  of  radiation  with  the  resulting  volume, 
V,  has  the  form 

V  =  a  +  6  log  7  +  c  log  ( 

in  which  a,  b  and  c  are  constants  and  b  ia  less  than  e. 

The  best  representative  value  for  these  constants  can  be  determined 
for  any  given  set  of  data.  From  the  figures  recorded  in  table  5  the 
membrane  volimae  to  be  expected  for  each  combination  of  intensity 
and  time  has  been  calculated.  Although  the  deviation  of  the  observed 
values  from  the  calculated  is  considerable,  in  some  cases  exceeding  10 
per  cent,  the  deviations  fall  at  random  above  and  below  the  calculated 
values.  Deviations  of  such  magnitude  are  readily  accounted  for  by 
errors  in  measuring  the  distance  between  the  radium  and  the  eggs. 
An  error  of  0.5  nam.  in  this  measurement  would  cause  an  error  of  5 
per  cent  when  the  intensity  was  lowest  and  of  20  per  cent  when  the 
intensity  was  highest. 

A  further  test  of  the  equation  is  afforded  by  measuring  the  volume 
of  the  membranes  which  result  from  exposing  the  eggs  to  various 
intensities  of  radiation  for  a  uniform  period  of  time.  Such  data  are 
recorded  in  table  6  and  in  figure  3.  Here  a  and  c  log  t  remain  constant 
and  V  varies  with  log  7.  The  membrane  volumes  to  be  expected  for 
the  intensities  employed  have  been  calculated.  Although  this  value 
agrees  with  the  observed  values  in  ,a  quite  satisfactory  way  the  exact 
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Fig.  3.  Curve  Uliutrating  the  daU  in  table  6.  Intensity  of  radiation  in  milU- 
curie  e«ntimet«n  ia  measured  logarithmicatly  along  the  abaciasa.  Volumes  at 
membranes  are  measured  in  100,000  cubic  micra  along  the  ordinate. 


Fig.  4.  Tlie  deviation  in  the  lower  range  of  the  curve  is  indicated  by  data 
obtained  by  radiating  Nereis  eggs  with  85  mc.  cm.  for  abort  periods  of  time 
(September  12,  1917).  Periods  of  radiation  in  minutes  are  measured  logarithmi- 
cally along  the  abscissa.  Volumes  of  membranes  are  measured  in  100,000  cubic 
micra  along  the  ordinate. 
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form  of  the  expression  relating  intensity  to  the  rest  of  the  equation  is 
somewhat  doubtful.  Extensive  data  confirming  the  results  recorded 
in  table  6  are  lacking,  while  errors  in  determining  the  intensities 
employed  diBCOunt  the  value  of  euch  data  which  are  at  hand. 

One  fact  stands  out  clearly  from  all  data.  The  value  of  b  is  less  than 
the  value  of  c.  This  relation  is  indicated  by  the  slope  of  the  curves  in 
figures  3  and  2  which  are  proportional  to  the  value  of  b  and  c  respec- 
tively, and  by  the  values  of  these  constants  determined  from  the  data 
in  table  5.  This  relationship  tells  us  that  quantity  of  radiation  in  the 
physical  sense  is  physiologically  meaningless.  The  physiological  action 
of  radium  radiations  upon  these  cells  does  not  depend  simply  upon  the 

TABLE  « 

September  9,  1917.    Nereii  eggs  radiaUd  for  fifteen  minute*  aiilh  earying  inleTuilj/. 

Measured  severUy  to  eighty  minvlee  after  fertilization 

a  +  clog  I  =•  0.tJ8  6  -  3.0 


IC*.' 

VOLf  HK  or  HE  If - 

VOLDKB  OBURVEI> 

'""""=^'" 

""'""" 

t»)l' 

«iU,ww«n(i- 

25 

7.54 

3.15*  0,05 

3-31 

-0.16 

25 

13  78 

3.65 =t  0-09 

4-11 

-0,46 

25 

18.70 

4.30*  o.oa 

4.50 

-0.20 

26 

33.70 

5  35*0.07 

6-26 

+0.09 

25 

57.52 

6.55*0.16 

5-96 

+0.50 

25 

145. 2 

7.05*0.20 

7.16 

-O.Il 

13 

0 

1.80*0.17 

number  of  rays  or  particles  striking  the  cell;  their  distribution  in  time 
must  also  be  considered.  In  this  consideration  time  is  a  more  effective 
factor  than  intensity. 

In  conclusion  the  range  through  which  the  equation  holds  good 
within  the  limits  of  experimental  error  may  be  defined.  Experimental 
values  of  the  volume  of  the  egg  above  eleven  or  twelve  hundred  thou- 
sand cubic  micra  fluctuate  considerably,  but  without  any  tendency  in 
one  direction.  Below  three  or  four  hundred  thousand  cubic  micra,  on 
the  other  hand,  there  is  a  distinct  tendency  for  the  volume  of  the 
membrane  to  exceed  that  predicted  by  the  equation.  This  tendency 
is  clearly  indicated  in  figure  4  and  in  the  lower  point  in  curve  C,  figure 
2.  In  the  lower  range  of  the  curve  the  values  of  a,  b  and  c  are  no 
longer  constant.    Above  this  range  the  equation  may  be  considered  a 
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satisfactory  approximation  of.  the  relationship  of  intensity  and  time 
to  the  swelling  of  the  fertilization  membrane  of  Nereis  eggs. 

The  equation  V  =  a  +  b  log  /  +  c  log  t  suggests  that  the  change  in 
the  membrane  is  due  to  a  process  commencing  after  a  latent  period 
which  is  represented  by  the  value  of  t  when  V  =  0.  The  considera- 
tions of  the  preceding  paragraph  indicate,  however,  that  the  equation 
does  not  hold  true  at  the  beginning  of  the  process.  At  this  time  the 
reaction  evidently  proceeds  more  slowly,  as  indicated  1^  the  slope  of 
the  curves,  than  the  constMits  of  the  equation  demand.  A  consider- 
able time  must  elapse  before  the  rate  of  change  reaches  a  maximum. 
In  this  way  a  latent  period  which  probably  does  not  exist  is  suggested. 
The  initial  acceleration  of  the  process  finds  a  striking  analogy  in  the 
phenomenon  of  photochemical  induction  which  is  said  to  occur  in 
practically  all  photochemical  reactions.  Serious  consideration  of  the 
nature  of  the  processes  in  question  should  await,  however,  more  com- 
plete demonstration  of  the  relationship  of  the  factors  involved.* 

<  Striking,  though  perhaps  auperScial,  reeembluicee  exist  between  the  action 
of  light  upon  the  photogrsphic  plate  and  the  pheoomenon  here  considered. 
Radiations  from  radium  produce  in  the  egg  of  Nereis  a  "l»t«nt  image"  which 
does  not  manifest  itself  until  the  egg  is  "developed"  by  fertilisation.  Moreover 
the  change  in  the  membrane  is  no  mora  effected  by  the  time  elapsing  between 
radiation  and  fertilisation  than  the  photographic  negative  lb  altered  by  the  tim« 
elapsing  between  eicpoeure  and  development. 

Hurter  and  Driffield  (4)  have  expressed  the  relation  between  the  intensity, 
/,  and  time,  t,  of  exposure  of  a  photographic  plate  and  the  resulting  density, 
D,  of  the  negative — which  is  "directly  proportional  to  the  amount  of  silver 
deposited  per  unit  area" — by  the  equatioD 


"-«(¥) 


in  which  7  is  a  constant  depending  on  the  time  of  development  and  i  is  the  "in- 
ertia" of  the  plate,  "measuring  those  properties  of  the  film  which  together  con- 
stitute its  sensitiveness." 

If  we  let  d  represent  the  difference  between  6  and  c,  then  c  —  d  ~  b  and  we 
may  rewrite  our  equation 

K-o+(c-d)log/+clog(. 
Rearranging  we  get  a  form  of  the  equation, 

/'  L\ 
F-o  +  c 


-'"-O 


which  is  strikingly  like  that  of  Hurter  and  Driffield.  The  density  of  the  photo- 
graphic plate  after  periods  of  undertxpomre  also  deviates  from  the  expectation 
raised  by  their  formula  in  a  manner  similar  to  the  deviation  of  eggs  radiated 
with  small  doses  of  radium. 


Digitized  by  L.iOOQIC 


386  ALFRBD  C.   R&DFIELD  AND  ELIZABETH  H.  BBIQHT 

Study  of  the  sutwequent  history  of  sadiated  Nereis  eggs  indicates 
that  a  close  parallelism  exists  between  the  abnonnality  in  development 
and  the  change  in  the  fertilisation  membrane.  The  data  in  table  7 
show  that  similar  quantitative  relationshipe  c<Mmect  the  d^;ree  of 
abnoiTnaUty  and  the  intensity  and  time  of  radiation.  Although  these 
lots  of  eggs  have  all  received  approximately  the  same  quantity  of 
radiation,  those  eggs  which  have  been  exposed  for  a  long  time  to  a  low 
intensity  have  been  much  more  affected  than  those  exposed  for  a  shcurt 
time  to  a  high  intensity.  This  result  suggests  that  a  variety  of  cellular 
functions  are  affected  in  the  same  relative  de^;ree  by  intensity  and  time 
oi  radiation. 


StptetabtT  II,  1917.  Nereit  eggt  radialed  for  ptrioda  w)neK  varitd  invartely  with 
lAc  inUntity  employed.  MenArartea  measured  nirtety  to  one  hundred  minute* 
afUr  ferlilitaHon 


™. 

„„,„, 

«S" 

mmican. 

■HOWO 

mtDietirw 

12.4 

65.0 

6S2 

7.84 

A  few  irreKular  eleavages.    No  swim- 
merg 

23.1 

29,4 

682 

6.06 

Irregular  cleavage.    No  awimmere 

M.2 

19.3 

698 

6.62 

Normal  cleavage.    No  Bvimmera 

54. 9 

12.4 

681 

6.05 

95.8 

7.06 

675 

3.62 

162.5 

4.20 

683 

5.27 

251.0 

2,72 

683 

3.22 

0 

0 

0 

1.8 

ca.  00  per  cent  Bwimiuera 

The  establishment  of  a  mathematical  reUtionship  between  quantity 
of  radiation  and  amoimt  of  swelling  should  enable  this  reaction  to  be 
used  as  a  measure  of  radioactivity.  Heretofore  our  only  methods  of 
quantitating  the  intensity  of  radiation  reaching  a  given  point  have 
been  physical.  Were  the  radiations  homogeneous  in  nature  such 
measuiements  would  do  very  well  as  a  baais  for  physiological  investi- 
gation. Not  only  do  the  radiations  vary  qualitatively,  but  radiations 
of  any  sort  have  various  penetratii^  powers.  There  is  no  reason  to 
suppose  that  a  direct  proportionality  exist?  between  the  physiolc^cal 
effects  of  these  different  rays  and  their  action  upon  the  physical  in- 
struments used  in  measuring  them.    It  should  now  be  possible  to 
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measure  the  intensity  of  those  rays  which  alone  are  physiologically 
efficient,  and  thus  to  arrive  at  a  rational  basis  for  dosage  in  radio- 
therapy. 

It  is  interesting  to  find,  in  the  action  of  radium  radiations  the  same 
logarithmic  relationship  as  appears  in  the  Weber-Fechner  htw  reUting 
stimulus  and  response.  Davey  (5)  has  found  that  a  similar  relation- 
ship determines  the  resistance  of  the  beetle,  Triboliom  confuaum,  to 
death  from  various  lengths  of  exposure  to  x-rays  of  a  uniform  intensity. 
Davey  also  observed  a  deviation  friHu  the  expectation  raised  by  the 
equation  when  the  exposure  was  short.  A  similar  deviation  in  the 
lower  range  of  the  curve  is  recorded  by  Henri  et  Larguier  dee  Bancels 
(6)  in  experiments  in  which  light  was  the  stimulus. 

SUMUABT 

1.  The  fertilization  m^nbrane  of  the  egg  of  Ntreis  liTobata  becomes 
abnormally  thick  if  the  egg  has  been  exposed  to  radiaUons  from  radium 
prior  to  fertilisation.  This  reaction  is  well  adapted  to  quantitative 
study. 

2.  The  change  leading  to  this  condition  is  irreversible. 

3.  The  physiological  effect  is  not  proportional  to  the  product  of 
intensity  and  time.  The  time  factor  is  relatively  more  important  than 
the  intensity  factor. 

4.  An  equation  is  suggested  which  expresses  approximately  the 
relation  between  intensity  and  time  of  radiation  and  their  physiolog- 
ical effects. 
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Many  theories  have  been  advsDced  in  attempts  to  explain  how 
anaesthetics  produce  anaesthesia.  Shortly  after  the  discover)'  of  ether 
and  chloroform  anaesthesia,  Bibria  and  Harles  (1847)  called  attention 
to  the  fact  that  practically  all  fat  solvents  are  anaesthetics  and  as  a 
result  of  a  quantitative  estimation  of  the  fat  contents  of  the  brain  of 
a  normal  animal  and  of  a  narcotized  one,  came  to  the  conclusion  that 
narcosis  is  produced  by  the  direct  removal  of  the  fatlike  substances, 
or  lipoids,  from  the  brain,  iTie  difficulty  of  explaining  the  rapid 
recovery  which  follows  the  interruption  of  anaesthetization  and  the 
fact  that  no  one  has  been  able  to  confirm  the  obtervations  of  Bibra 
and  Harles,  seems  to  have  rendered  their  theory  untenable.  Hermann 
(1866)  showed  that  all  the  narcotics  of  the  methane  series  hemoiyze 
the  red  blood  corpuscles.  He  attributed  thia  property  to  the  power 
of  these  narcotics  to  dissolve  the  lecithin  of  the  red  blood  cells,  and 
assumed  that  narcosis  of  the  central  nervous  system,  with  its  high 
lecithin  and  cholesterin  content,  was  due  to  the  dissolving  of  these 
substances  by  the  narcotics.  Richet  (1895)  contended,  on  the  con- 
trary, that  the  effectiveness  of  a  narcotic  stood  in  an  inverse  relation 
to  it«  solubility  in  the  water  fluids.  The  foregoing  observations  suf^est 
the  modern  theory  as  set  forth  by  Meyer  and  Overton.  Hans  Meyer 
(1)  and  Overton  (2),  independently,  pointed  out  that  the  intensity  of  a 
narcotic  is  directly  proportional  to  its  distribution  coefficient  between 
the  lipoids  of  the  nervous  system  and  the  watery  fluids;  that  is,  the 
more  soluble  the  narcotic  is  in  the  lipoids,  the  more  effective  it  is  as 
an  anaesthetic.  According  to  this  theory,  the  narcotics  of  the  methane 
series  produce  their  characteristic  effect  on  the  central  nervous  system 
by  going  into  solution  in  the  fatlike  constituents,  the  Upoids  of  the 
nervous  tissue,  and  forming  a  physical-chemical  combination  with 
them.  It  should  be  mentioned,  in  this  connection,  that  the  Meyer- 
Overton  law  holds  only  for  the  narcotics  of  the  methane  series.    The 
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dissolving  of  the  lipoids  of  the  nerve  cells  by  these  narcotics  is  supposed 
to  alter  the  function  of  these  cells,  thus  producing  narcosis.  It  will 
be  noted  that  while  this  theory  explains  very  satisfactorily  how  a 
certain  class  of  narcotics,  namely  those  of  the  methane  series,  obtains 
access  into  the  interior  of  the  red  blood  corpuscles  and  of  the  nerve 
cells,  it  does  not  explain  so  satisfactorily  the  main  point  at  issue, 
namely,  how  the  narcotic  produces  narcosis.  The  fact  that  there  are 
so  many  anaesthetics  which  are  not  fat  solvents,  magnesium  sulphate 
and  nitrous  oxide  being  conspicuous  examples,  would  seem  to  indicate 
that  the  Meyet-Overton  theory,  after  all,  may  explain  nothing  more 
than  how  the  narcotics  of  the  methane  series  gain  access  into  the  nerve 
cells. 

R.  S.  IJllie  (3)  has  presented  evidence  showis);  that  excitation  is 
associated  with  increased  permeability  of  the  cell  membrane,  and 
depression  with  decreased  permeability.  According  to  this  hypothesis, 
narcotics  produce  their  characteristic  effect  by  decreasing  the  perme- 
ability of  the  cell  membrane.  Claude  Bernard  (1853)  su^ested  that 
narcosis  was  due  to  the  semi-coagulation  of  the  protoplasm,  analogous 
to  muscle  rigor  produced  by  chloroform. 

It  has  been  recognized  for  a  long  time  that  oxygen  deprivation  or 
asphyxia  favors  or  may  actually  produce  anaesthesia.  So  far  as  I 
have  been  able  to  find,  John  Snow,  in  his  classical  work.  On  Chloro- 
form oTtd  Other  Anaesthetics  (1858),  was  the  first  to  suggest  that  narcot- 
ics may  produce  narcosis  by  limiting  or  interfering  with  the  normal 
oxidative  processes.  After  reviewing  the  different  theories  of  narcosis, 
Hewitt,  in  his  book  on  Anaesthetics  (1907),  states  that  it  is  not  at  all 
improbable  that  future  experimental  research  may  lead  us  to  the  con- 
clusion that  general  anaesthetics  produce  their  characteristic  effect 
by  limiting  the  normal  processes  of  oxidation,  upon  which  the  intel- 
lectual, sensory  and  motor  centers  depend  for  the  execution  of  their 
respective  functions.  Paul  Bert  (4)  and  Arloing  (5),  independently, 
showed  that  oxidation  was  decreased  during  chloroform  anaesthesia, 
as  was  indicated  by  the  decreased  oxygen  intake  and  carbon  dioxide 
output.  Alexander  and  Csema  (6)  showed  that  oxygen  consumption 
and  carbon  dioxide  production,  and  hence  oxidation,  in  the  brain  was 
greatly  increased  during  the  excitement  stage  of  anaesthesia,  and 
was  decreased  during  the  stage  of  deep  narcosis.  Verwom  (7)  and  his 
pupils  have  furnished  much  evidence  showing  that  narcosis  is  usually 
accompanied  by  decreased  oxidation,  and  that  deficiency  of  oxygen, 
or  asphyxia,  as  has  been  recognized  for  a  long  time,  produces  anaes- 
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thetic  phenomena,  hence  they  conclude  -that  narcoeis  is  due  to  the 
inhibition,  or  interference,  with  oxidation.  Allied  to  this  view  is  that 
of  Mansfield  (8)  who  assumes  that  narcotics  decrease  the  solvent  power 
of  lipoids  for  oxygen,  and  hence  prevent  or  interfere  with  its  entrance 
into  the  cells.  A.  P.  Matthews  (9)  believes  that  anaesthetics  "Sx  the 
oxygen  receptors  of  the  protoplasm  into  a  non-irritable  anaesthetic- 
protoplasm  combination."  Herter  found  that  the  oxidizing  capacity 
of  the  tissues  was  greatly  reduced  during  anaesthesia.  Tashiro  found 
that  anaesthetics  greatly  diminished  the  carbon  dioxide  output  of 
nerves. 

From  this  brief  survey  of  the  principal  theories  of  narcosis,  it  would 
seem  that  the  one  of  Verworn,  which  attributes  narcosis  to  an  inter- 
ference or  inhibition  of  the  normal  oxidative  processes,  is  as  plausible 
as  any,  if  not  the  most  plausible.  In  our  work  (10)  we  have  shown 
that  when  oxidation  was  increased,  as,  for  example,  by  increasing  the 
amount  of  work,  by  thyroid  feeding,  by  fitting,  during  the  excitement 
stage  of  ether  anaesthesia,  there  was  an  accompanying  increase  in 
catalase,  due  to  the  stimulation  of  the  liver  to  an  increased  output  of 
this  enzyme,  and  that  when  oxidation  was  decreased  or  rendered  defec- 
tive, as,  for  example,  by  decreasing  the  amount  of  work,  by  starvation, 
by  phosphorous  poisoning,  by  extirpation  of  the  pancreas,  thus  pro- 
ducing pancreatic  diabetes  with  resulting  defective  oxidation,  and  in 
deep  ether  anaesthesia  there  was  an  accompanying  decrease  in  the 
catalase  of  the  tissues.  From  these  results  it  was  concluded  that 
catalase,  an  enzjme  in  the  tissues  possessing  the  property  of  liberating 
oxygen  from  hydrogen  peroxide,  may  be  involved  in  the  normal  oxida- 
tive processes  of  the  body.  If  it  can  be  shown  that  the  different  nar- 
cotics decrease  the  catalase  of  the  blood  and  hence  of  the  tissues  paral- 
lel with  the  decrease  in  oxidation  during  narcosis,  it  would  seem  to 
render  it  stitl  more  probable  that  cataUse  is  involved  in  the  oxidative 
processes  and  that  the  cause  of  the  diminished  oxidation,  which  ia 
probably  responsible  for  the  narcosis,  may  be  due  to  the  decrease  in 
catalase.  The  narcotics  used  were  ether,  chloroform,  chloral  hydrate, 
nitrous  oxide  and  magnesium  sulphate.  These  widely  different  kinds 
of  narcotics  were  chosen  intentionally.  The  animals  used  were  cats, 
dogs  and  rabbits.  The  catalase  of  the  blood  was  determined  by  adding 
0.5  cc.  of  blood,  taken  from  the  external  jugular  vein,  to  hydrogen 
peroxide  in  a, bottle  at  22°C.,  and  as  the  oxygen  gas  was  liberated  it 
was  conducted  to  an  inverted,  graduated  vessel,  previously  filled  with 
water.     After  the  oxygen  gas  thus  collected  in  ten  minutes  had  been 


d  by  Google 


llECHANISlf  OF  ACTION  OF  ANAESTHETICS  301 

reduced  to  standard  atmospheric  pressure,  the  resulting  volume  was 
taken  as  a  measure  of  the  amount  of  catalase  in  the  0.5  cc.  of  blood. 
In  determining  the  cataUse  of  the  doga'  blood,  50  cc.  of  hydrogen 
peroxide  were  used,  owing  to  the  low  catalase  content  of  the  dogs' 
blood,  while  250  cc.  of  peroxide  were  used  with  the  cats'  and  rabbits' 
blood.  The  material  was  shaken  in  a  shaking  machine  at  a  fixed  rate 
of  one  hundred  eighty  double  shakes  per  minute  during  the  deter- 
minations. The  results  of  the  determinations  are  given  in  figure  I. 
The  figures  (0-360)  along  the  absciHsa  indicate  time  in  minutes;  the 
figures  (0-900)  along  the  ordinate  indicate  amounts  of  catalase  meas- 
ured in  cubic  centimeters  of  oxygen  liberated  from  hydrogen  peroxide 
in  ten  minutes  by  0.5  cc.  of  blood. 

Curve  1  was  constructed  from  data  obtained  from  four  cats  during 
ether  anaesthesia.  The  anaesthesia  was  produced  by  bubbling  air 
through  ether  in  a  bottle,  which  was  connected  by  a  rubber  tube  to  a 
cone  adjusted  to  the  snout  of  the  animal.  It  will  be  seen  that  the 
average  amount  of  oxygen  liberated  by  0.5  cc.  of  blood  taken  at  fifteen 
minute  intervals,  previous  to  the  production  of  anaesthesia,  was  875  , 
cc.  and  870  cc;  that  after  fifteen  minutes  of  administration  of  the 
anaesthetic,  0.5  cc.  of  blood  liberated  850  cc;  after  thirty  minutes, 
835  cc;  after  forty-five  minutes,  790  cc;  after  sixty  minutes,  720  cc; 
and  after  seventy-five  minutes,  700  cc.  From  these  figures  it  may  be 
seen  that  the  catalase  of  the  blood  was  decreased  parallel  with  the 
increase  in  the  depth  of  narcosis,  and  that  after  seventy-five  minutes 
it  had  been  decreased  by  20  per  cent  as  indicated  by  the  decrease  in 
the  amount  of  oxygen  liberated  from  875  cc  to  700  cc. 

Curve  S  was  constructed  from  data  obtained  from  two  cats  during 
chloroform  anaesthesia.  The  chloroform  was  administered  in  the 
same  manner  as  was  the  ether.  It  may  be  seen  that  the  average 
amount  of  oxygen  liberated  by  0.5  cc.  of  blood  taken  at  fifteen  minute 
intervals,  previous  to  the  anaesthesia,  was  820  cc  and  820  cc. ;  that 
after  fifteen  minutes  of  administration  of  chloroform,  0.5  cc  of  blood 
liberated  640  cc  By  comparing  the  effects  of  ether  and  chloroform, 
it  will  be  noted  that  there  was  a  gradual  decrease  produced  in  the  cata- 
lase of  the  blood  during  ether  anaesthesia,  whereas  there  was  a  very 
abrupt  decrease  during  ehlorofmm  anaesthesia;  that  is,  chloroform 
destroys  the  catalase  of  the  blood  more  quickly  than  does  ether.  It 
was  also  found  that  with  equal  concentrations,  chloroform  destroyed 
the  catalase  of  the  blood  more  quickly  and  extensively  in  vitro  than 
did  ether. 
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Fig.  1.  Curves  ahowing  the  effect  of  narcosis  oq  the  catatase  content  of  the 
blood.  The  figures  {0-360)  along  the  abscissa  indicate  time  in  minutes;  the 
figures  (0-000)  along  the  ordinate  indicate  amounts  of  catalase  measured  in 
cubic  centimeters  of  oxygen  liberated  from  hydrogen  peroxide  ia  ten  minutes 
by  0.5  cc.  of  blood. 
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In  the  preceding  experiments  no  attempt  was  made  to  administer 
the  anaesthetic  in  equimolecular  concentrations.  Both  were  adminis- 
tered in  sufficient  concentrations  to  produce  a  fair  degree  of  anaes- 
thesia bj'  the  end  of  the  first  fifteen  minute  interval,  and  the  amount 
administered  during  the  remaining  periods  was  such  as  to  keep  the 
animal  in  fairly  deep  but  safe  narcosis.  We  found  that  by  choosing 
large,  active  cats  with  blood  of  high  catalase  content,  and  by  forcing 
the  anaesthetic,  it  was  possible  to  decrease  the  catalase  much  more 
quickly  and  extensively  than  was  done  in  the  preceding  experiments, 
but  even  in  these  cases  it  was  found  that  chloroform  produced  a  much 
more  abrupt  decrease  than  did  ether,  and  the  decrease,  as  a  rule,  was 
slightly  greater  with  chloroform  than  with  ether,  particularly  when  the 
narcosis  was  continued  over  a  period  of  two  or  three  hours. 

Curve  S  was  constructed  from  data  obtained  from  a  cat  during 
m^nesium  sulphate  anaesthesia.  The  anaesthesia  was  produced  by 
the  subcutaneous  injection  of  7.5  cc.  of  a  20  per  cent  magnesium  sul- 
phate solution  per  kilo  of  body  weight.  It  will  be  seen  that  the  aver- 
age amount  of  oxygen  liberated  by  0.5  cc.  of  blood  taken  at  fifteen 
minute  intervals,  previous  to  the  production  of  anaesthesia,  was  770 
cc.  and  775  cc;  that  ninety  minutes  after  the  injection  of  the  mag- 
nesium sulphate,  0.5  cc.  of  blood  liberated  735  cc.  of  oxygen;  after  one 
hundred  thirty-five  minutes,  730  cc;  after  one  hundred  fifty  minutes, 
720  cc;  after  one  hundred  sixty-five  minutes,  710  cc;  after  one  hun- 
dred eighty  minutes,  700  cc. ;  after  one  hundred  ninety-five  minutes 
670  cc;  and  after  two  hundred  ten  minutes,  575  cc;  when  the  animal 
died.  It  will  be  noted  that  the  catalase  was  decreased  more  slowly 
during  magnesium  sulphate  narcosis,  except  the  abrupt  decrease  just 
preceding  the  death  of  the  animal,  than  during  narcosis  produced  by 
any  of  the  other  narcotics.  It  was  also  found  that  magnesium  sulphate 
was  the  least  effective  of  the  narcotics  used  in  destroying  the  catalase 
in  vitro. 

Curve  4  was  constructed  from  data  obtained  from  two  rabbits, 
during  chloral  hydrate  anaesthesia.  The  anaesthesia  was  produced  by 
the  introduction  into  the  stomach  of  the  animals  of  10  cc.  of  a  2  per 
cent  solution  of  chloral  hydrate,  per  kilo  of  body  weight.  It  will  be 
noted  that  chloral  hydrate  decreased  the  catalase  of  the  blood  during 
narcosis  more  slowly  than  any  of  the  other  narcotics,  except  m^nesium 
sulphate.  It  was  found  that  when  chloral  hydrate  was  added  to  blood 
in  vitro  in  as  large  quantities  as  was  the  magnesium  sulphate,  it  de- 
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stroyed  the  cataUse  more  quickly  and  exteuaively  than  did  the  mag- 
nesium sulphate,  but  lees  extensively  than  did  the  ether  of  chloroform. 

Curve  5  was  constructed  from  data  obtained  from  two  cats  during 
nitrouB  oxide  anaesthesia.  The  anaesthesia  was  produced  by  adminis- 
tering a  mixture  of  nitrous  oxide  and  oxygen  in  the  proportion  of  one  to 
five,  or  80  per  cent  nitrous  oxide  and  20  per  cent  oxygen.  It  will  be 
noted  that  the  decrease  in  catalase  was  more  abrupt  with  nitrous 
oxide  than  with  any  of  the  other  anaesthetics,  except  chloroform. 

Curve  6  was  constructed  from  data  obtained  from  a  dog,  during 
chloroform  narcosis.  The  cUoroform  was  administered  in  the  same 
manner  as  it  was  with  the  cats  for  curve  2.  The  same  abrupt  decrease 
in  catalase  during  the  first  fifteen  minutes  of  narcosis  was  obtained 
with  the  dog  as  was  obtained  with  the  cats. 

Curve  7  was  obtained  from  a  dog,  chbretonised  in  the  same  manner 
as  were  the  rabbits  for  curve  4.  It  will  be  noted  that  the  same  gradual 
deerease  in  catalase  was  obtained  with  the  dog  as  was  obtained  with 
the  rabbits. 

If  narcosis  be  due  to  decreased  oxidation,  and  if  this  decreaded  oxida- 
tion, in  turn,  be  due  to  a  decrease  in  catalase,  then  the  destructive 
effect  of  an  anaesthetic  on  catalase  should  be  an  index  to  the  char- 
acter of  the  anaesthesia  produced  by  the  anaesthetic  in  question.  It 
may  be  seen  in  the  chart  that  chloroform,  in  keeping  with  its  more 
powerful  action  as  an  anaesthetic,  is  more  destructive  to  catalase  than 
any  of  the  anaesthetics  used,  and  that  magnesium  sulphate,  in  keeping 
with  its  slow  action,  is  least  destructive,  while  ether  occupies  an  inter- 
mediate position.  Chloral  hydrate  does  not  act  so  rapidly  as  ether, 
chloroform  or  nitrous  oxide,  nor  does  it  act  so  slowly  as  magnesium 
sulphate.  It  may  be  seen  that  chloral  hydrate,  accordingly,  destroys 
catalase  during  narcosis  less  rapidly  than  ether,  chloroform  or  nitrous 
oxide,  and  more  rapidly  than  magnesium  sulphate.  It  is  known  that 
a  state  of  acidosis  is  more  likely  to  develop  with  chloroform  than  with 
ether.  It  may  be  that  the  greater  tendency  toward  acidosis  in  chloro- 
form narcosis  is  due  to  the  greater  destruction  of  catalase  by  this 
narcotic,  and  to  the  injury  of  the  liver,  the  organ  in  which  catalase  is 
formed,  with  the  resulting  decrease  in  oxidation. 


1.  Narcotics  of  widely  different  constitution,  such  as  chloroform, 
ether,  chloral  hydrate,  nitrous  oxide  and  magnesium  sulphate,  decrease 
the  catalase  of  the  blood,  parallel  with  the  increase  in  the  depth  of 
narcosis. 
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2.  A  very  powerful  anaesthetic,  such  as  chloroform,  decreases  the 
catalase  more  quickly  and  extensively  than  does  a  less  powerful  anaes- 
thetic, such  as  ether.  Slowly  acting  anaesthetics,  such  as  chloral 
hydrate  and  magnesium  sulphate,  decrease,  accordingly,  the  catalase 
of  the  blood  more  slowly  than  a  quickly  acting  anaesthetic  such  as 
nitrous  oxide. 

3.  As  a  result  of  the  experiments  reported  in  this  paper,  and  of  work 
done  previously  on  the  anaesthetics  in  this  laboratory,  the  theory  ia 
advanced  that  narcosis  is  due  to  the  direct  destruction  of  catalase  by 
the  narcotic,  with  resulting  decrease  in  oxidation,  while  recovery  from 
anaesthesia  is  brought  about  by  an  increase  in  catalase  due  to  the 
increased  output  from  the  liver,  with  resulting  increase  in  oxidation. 
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The  statiaticat  data  concerning  the  course  of  human  growth  during 
the  first  few  days  of  extra-uterine  life  are  voluminous  and  collectively 
significant.  The  individual  reports  however  are  unfortunately  com- 
plicated by  a  certain  degree  of  non-recognition  of  the  fact  that  human 
milk  is  the  proper  food  for  human  infants,  and  with  the  consequent 
inclusion  in  the  data  of  growth  curves  of  infants  whose  nourishment 
has  been  derived  from  other  sources. 

It  is  a  matter  of  common  knowledge  (I)  that  the  chemical  composition 
of  the  milk  produced  by  the  various  types  of  mammals  is  regularly 
different.  It  is  also  well  known  that,  by  and  large,  young  mammals 
thrive  better  when  feeding  on  the  milk  produced  by  their  kind.  No 
experimental  evidence  has  as  yet  been  presented  in  support  of  a  theory 
that  the  milk  elaborated  by  the  mother  is  not  that  biologically  adapted 
to  the  needs  of  the  young  of  the  same  species.  There  apparently 
exists  in  mammals  a  mechanism  for  the  production  of  a  food  specifically 
adapted  to  the  needs  of  the  young  of  the  same  kind.  Moreover  Os- 
borne and  Mendel  (2),  McCollum  (3)  and  others  have  shown  that  the 
nature  of  the  food  ingested  is  oneof  the  very  important  factors  concerned 
in  growth,  and  any  attempt  to  determine  the  fundamental  biological 
laws  of  growth  during  this  period  should  recognize  these  facts. 

The  factors  influencing  milk  production  are  manifold.  The  nutritive 
condition  of  the  mother  (4),  the  maternal  metabolism,  health  or  disease 
(5),  all  contribute  their  quota  to  the  value  of  the  milkas  a  food  supply 
adequate  to  the  growing  infant.  Nevertheless  during  the  first  two 
weeks  of  lactation  the  variations  in  the  chemical  composition  of  human 
milk  have  a  remarkably  uniform  tendency  (5)  and  where  the  changes 
in  the  weight  of  the  infant  do  not  indicate  supplementary  feeding  neces- 
sary it  can  reasonably  be  assumed  that  the  nourishment  is  sufficient  and 
characteristic. 
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Growth  is  a  bio-chemical  process  (6),  (7),  (8),  (9),  and  as  such  is 
obviously  susceptible  to  the  influence  of  regulatory  or  interfering 
factors.  Quantity  of  food  ingested  (10),  climate,  nationality  (II), 
sex  (12),  and  a  variety  of  other  conditions  serve  to  produce  a  composite 
picture  of  such  apparent  intricacy  that  as  late  as  1913  Kjolseth  (13) 
considered  statistical  studies  on  growth  to  be  so  hopeless  as  to  propose 
the  motto:  "Die  Natur  is  nicht  schematisch."  Fortunately  the 
results  of  the  studies  of  a  long  line  of  investigators  extending  from 
1716  (14)  to  the  present  (15),  (16)  refute  this  uuorderly  point  of  view. 
A  comprehensive  bibliography  of  the  work  with  infants  up  to  1913  is . 
given  by  Benestad  (11).  No  specific  attempts  were  made  to  correlate 
birth  weight  and  rate  of  growth,  any  such  isolated  observations  as  were 
reported  yielding  conflicting  opinions;  Schaffer  (17)  considering — "und 
soleichtcristdasKind  ....  um  so  linger  dauertes,  bis  dasselbe 
sein  Geburtsgewicht  wieder  erricht  hat,"  and  Benestad  (II)  that  "die 
kleinen  Kinder  erleiden  einen  geriugeren  Gewichtsverlust  und  beginnen 
ihren  Zuwachs  eher  als  die  grossen  Kinder.  Aber  von  dem  Augenblick 
an,  da  die  Gewichtzunahme  einsetzt,  besteht  kein  nennenswerter 
Unterschied  zwischen  ihnen." 

Anticipating  that  a  detailed  study  of  the  relation  between  weight  at 
birth  and  early  growth  would  bring  out  some  significant  and  interesting 
differences,  and  having  in  mind  as  a  fundamental  requisite  for  normal 
growth  a  generically  adapted  nourishment,  data  were  collected  from  the 
records  of  the  Boston  Lying-in  Hospital  of  the  weights  of  five  hundred 
and  thirty-seven  infants  on  the  1st,  3d,  5th,  7th,  9th,  Ilth  and  I3th 
days  after  birth,  excluding  from  consideration  those  whose  food  supply 
was  derived  either  wholly  or  in  part  from  sources  other  than  the  mater- 
nal breasts.  Due  care  was  taken  throughout  as  to  uniformity  of  con- 
ditions when  weighing. 

The  classification  is  as  follows: 
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Infants  under  5  pounds  could  not  be  included  in  the  calculations 
inaamucb  as  they  invariably  received  feedings  supplementary  to  the 
mothers'  milk. 

Any  comparative  study  of  the  power  of  growth  in  various  groups  of 
individuals  is  valid  only  when  the  changes  occurring  are  considered 
from  a  percentage  point  of  view.  The  absolute  variations  show  the 
direction  of  the  change  but  fail  to  give  its  value  in  t«rms  of  the  original. 
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The  results  recorded  in  this  paper  are  based  on  this  fact  and  represent 
the  per  cent  variations  in  the  weights  of  the  infants  based  on  the  weight 
at  birth. 

Table  I  gives  the  per  cent  change  in  body  weight  of  the  stx  groups  of 
subjects  during  the  period  studied.  These  data  have  been  plotted  on 
figure  1. 
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There  a  at  once  made  evident  the  division  of  the  groups  into  two 
general  classes,  the  members  of  which  are  governed  by  factors  of  similar 
intensity  characteristic  for  the  class.  The  groups  A,  B,  C  and  D  are 
seen  to  be  closely  alike  throughout  and  distinct  from  the  groups  E  and 
F.     The  causes  of  this  differentiation  are  not  at  present  explicable. 

The  post-natal  decline  mentioned  by  Quetelet  (18)  in  a  quotation 
from  Cbaussier,  and  the  subject  of  much  speculation,  is  here  shown  to 
vary  in  a  remarkably  uniform  manner,  according  to  the  variation  in  the 
initial  weight.  The  heavier  the  initial  weight  the  greater  the  per  cent 
drop  in  weight  after  birth.  The  post-natal  per  cent  loss  of  weight  varies 
directly  with  the  weight  at  birth. 
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This  decrease  which  occurs  during  the  first  two  or  three  days  after 
birth  is  the  physiological  response  to  the  radical  change  in  the  methods 
of  food  assimilation  and  ingestion.  During  this  period  of  readjustment 
the  catabohc  processes  are  superior  to  the  anabohc  with  the  resultant 
utilization  of  body  tissue  for  maintenance.  Pending  the  efficient 
establishment  of  a  functional  activity  these  destructive  reactions  over- 
balance the  effect  of  the  growth  stimuli,  if  such  are  present  at  this  stage, 
and  no  increase  in  weight  occurs. 

The  growth  catalyzers  are  apparently  lipoidal  in  nature  (19)  and  one 
of  them  has  been  recently  isolated  and  named  "Tethelin"  (20),  (21). 
Similarly  acting  substances  have  been  found  in  various  foods  (22). 
It  is  possible  to  consider  that  those  animals  a  part  of  whose  develop- 
ment occurs  in  the  uterus  receive  the  necessary  stimuli  to  growth  from 
the  maternal  blood  or  placental  secretions  (23),  and  ample  evidence 
has  been  presented  that  an  organ  may  be  developed  to  a  point  where 
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it  is  capable  of  assumiDg  its  normal  function  yet  does  not  do  so,  or  does 
80  only  at  a  minimum  rate,  until  the  call  for  functional  activity  is  thrust 
upon  it.  Now  at  birth  the  infant  is  cut  off  from  the  maternal  exoge- 
nous stimulation  to  growth,  and  simultaneously  is  readjusting  itself  to 
changed  methods  of  nutrition.  Pending  this  readjustment  the  ability 
to  make  visible  growth  will  depend  on  the  relative  interefFect  of  stimu- 
lus and  cataboUc  processes.  Those  organisms  in  which  there  is  pro- 
portionately less  substrate  for  activation,  from  whatever  source,  would 
tend  to  have  a  lesser  loss  of  weight.  Minot  (12)  has  shown  that  during 
intra-uterine  Hfe  there  is  an  enormous  loss  of  growth  capacity.  It 
appears  to  be  a  fact  however  that  the  first  growth  cycle  is  not  quite 
completed  at  birth  and  that  an  increased  growth  rate  occurs  at  or  near 
birth  (6),  therefore  the  most  effective  stimulation  to  growth  would 


The  ■per  cent  change  in  joeighl  from  day  to  day  during  the  first  thirteen  dayi  after 
birth  of  the  infant*  at  the  Boston  Lying-in  Hospital 
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occur  in  those  lighter  individuals  who  have  failed  to  reach  the  normal 
point  in  intra-uterine  development,  and  the  counterbalancing  effect  of 
the  catabolic  processes  would  be  diminished  in  an  effort  to  respond  to 
the  greater  stimulus. 

With  the  exception  of  groups  E  and  F  the  third  day  after  birth  marks 
the  beginning  of  the  pick-up  to  the  normal  rate  of  growth  characteristic 
for  the  individual  groups.  The  heavier  infants  do  not  begin  this  in- 
crease either  a^  soon  or  to  the  same  degree  as  do  the  lighter  ones, 
this  retardation  effect  is  explained  by  an  extension  of  the  principles 
embodied  in  the  previous  discussion.  From  this  time  on  the  growth 
acceleration  is  practically  uniform  in  value  for  any  single  group  but 
diminishes  with  the  increase  in  initial  weight.  It  is  significant  of  an 
underlying  causative  factor  of  growth  inversely  varying  in  intensity 
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of  effect  with  the  weight  at  birth  that  the  various  groups  tend  to  indi- 
vidually ^ttain  a  uniform  percentage  increment. 

The  differences  from  day  to  day  of  the  per  cent  change  in  weight 
from  the  first  day  during  the  period  of  observation  are  given  in  table 
2.  They  show  the  per  cent  additions  made  between  the  successive 
weighings. 

The  post-natal  lag,  extending  to  the  fifth  day,  before  the  pick-up  to 
the  relatively  uniform  increment  characteristic  for  the  single  groups, 
exhibited  in  groups  A,  E  and  F,  at  the  extreme  upper  and  lower  limits 
of  the  weight  at  birth  are  indicative  of  a  factor  or  factors  retarding  the 
early  attainment  of  a  normal  rate  of  growth  in  these  individuals.  This 
phenomenon  is  not  found  in  groups  B,  C  or  D,  where  although  varia- 
tions in  the  differences  in  the  per  cent  increments  do  occur  from  day  to 

TABLES 
Th*  per  cent  recovery  Co  or  over  the  inittai  umighl  of  the  ffTOupi  tluditd 
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day,  yet  they  are  relatively  negligible  even  from  the  onset  of  demon- 
strable growth,  and  especially  when  compared  with  the  marked  retarda- 
tion effect  shown  in  the  other  groups.  It  is  possible  that  a  condition  of 
instability  between  ctftalyst  and  substrate  due  to  the  radical  change 
in  environment  of  the  individual  as  a  whole  is  the  cause  of  this  condition 
in  group  A,  and  this  seems  more  probable  when  we  look  at  the  subse- 
quent variations  in  this  value  during  the  remainder  of  the  period. 
The  delay  in  picking  up  to  the  rate  of  growth  normal  for  the  group  in  the 
heavier  infants  is  the  expression  of  either  a  diminished  response  to  the 
growth  stimulus  due  to  the  increase  in  substrate,  or  to  the  preponderant 
effect  of  the  catabolic  processes  over  those  initiated  by  the  growth 
catalysts.   The  former  hypothesis  is  the  more  attractive. 

Continuing  the  inspection  of  this  table  it  is  seen  that  the  variations 
in  the  per  cent  increment  from  day  today  grow  smaller  as  the  weight  at 
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birth  increases.  This  diminutioo  in  absolute  per  cent  increment  is 
not  sufficiently  compensated  for  by  the  differences  in  initial  .weight  to 
cause  an  equivalent  growth  acceleration  in  all  groups.  It  can  be  stated 
with  certainty  that  the  heavier  the  initial  weight  the  slower  the  rate  of 
growth. 

Camerer'e  (24) ,  results  seem  to  indicate  that  these  differences  in 
growth  are  similarly  correlated  with  the  differences  in  initial  weight 
even  throughout  a  much  longer  period  for  he  found  that  in  a  series  of 
one  hundred  and  thirty-eight  cases  divided  into  three  groups,  according 
as  they  weighed  under  2000  grams,  between  2000  and  2750  and  over 
2750,  and  studied  after  weekly  weighings,  that  the  percentage  incre- 
ment of  the  subjects  in  the  first  group  was  427,  of  tl)c  second  219  and 
of  the  third  and  heaviest  only  195. 


The  per  cent  dUtribution  aeearding  to  the  weight  at  birth  of  one  thousand  eonaeeutive 
cases  at  the  Boston  Lyirm-iH  Hospital 
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The  extension  of  these  facts  as  given  by  the  data  calculated  for  this 
paper  clearly  indicates  that  the  mass  or  weight  of  the  infant  at  birth  is 
a  determining  factor  in  the  subsequent  rate  of  growth. 

Aa  a  corollary  to  the  foregoing,  table  3  shows  that  the  per  cent  of  the  ' 
subjects  recovering  or  passing  their  initial  weight  after  the  postnatal 
decline  is  regularly  influenced  by  the  weight  at  birth,  the  retardation 
effect  of  an  increased  initial  weight  is  here  particularly  well  demonstrated. 

The  mean  increment  per  cent  for  the  six  groups  has  been  calculated 
and  plotted  on  figure  1.  The  close  approximation  of  this  value  to  a 
straight  line  lends  support  to  Osborne's  (25)  citation  as  to  the  appli- 
cability of  Newton's  first  law  to  biological  phenomena. 

To  obtain  the  figures  necessary  in  calculating  the  mean,  record  was 
made  of  the  weight  of  one  thousand  consecutive  subjects  and  classified 
accordingly.    Table  4  gives  the  per  cent  distribution  in  the  six  groups. 
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A  correlation  of  the  fact  that  65  per  cent  of  all  infants  weigh  between 
six  and  eight  pounds  at  birth,  with  the  coincidental  character  of  the 
growth  curves  of  these  two  groups  as  shown  on  the  chart,  together  with 
the  fact  that  the  curve  of  the  mean  is  practically  parallel  with  these 
curves  leads  to  the  idea  that  the  normal  birth  weight  lies  between  these 
limits  and  that  the  nonnal  growth  acceleration  follows  the  indicated 
direction. 

If  increments  of  matter  are  used  as  a  measure  of  growth  it  is  obvious 
that  in  order  to  obtain  a  fair  idea  of  the  relative  growth  capacity  of  the 
various  groups  it  is  necessary  to  use  that  weight  as  a  basis  for  calcula- 
tion to  which  demonstrable  additions  are  being  made.  With  this  point 
in  mind  there  has  been  calculated  the  per  cent  increment  in  weight 
from  the  third  day  after  birth.    This  is  given  in  table  5.    The  third 

TABLE  s 

The  indindual  growlh  capacity  and  Iht  relattpe  growth  capacity  of  human  infanlt 

classified  according  to  their  uifight  at  birth 
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column  shows  the  per  cent  addition  capacity  of  one  pound  of  body 
weight  at  birth  for  the  first  thirteen  days  of  extra-uterine  life.  The 
last  column  shows  the  relative  growth  capacity  of  the  groups  studied 
when  group  A  is  used  as  unity. 

Having  thus  brought  growth  capacity  to  a  unit  basis  and  with  the 
idea  that  the  per  cent  increment  that  can  be  made  by  unit  weight  is  an 
index  of  the  capacity  to  grow,  we  find  that  the  ability  to  add  to  the 
initial  weight  decreases  with  the  fncresse  in  initial  weight.  That  is  to 
say,  one  pound  of  body  weight  of  an  infant  weighing  from  eight  to  nine 
pwunds  at  birth  can  add  on  a  greater  proportion  of  itself  than  can  one 
pound  of  an  infant  weighing  from  nine  to  ten  pounds  at  birth,  and  less 
than  can  one  pound  of  an  infant  weighing  from  seven  to  eight  pounds 
initial  weight. 

What  is  the  significance  of  this  regular  variation  in  growth  capacity? 
If  we  agree  with  Minot  (26)  that  the  "more  rapid  growth  depends  on 
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the  youth  of  the  individual"  we  must  conclude  that  the  weight  of  an 
infant  at  birth  is  an  index  of  its  relative  physiological  age.  Extending 
this  to  the  data  presented  here  would  give  rise  to  the  opinion  that  a 
birth  weight  lying  between  six  and  eight  pounds  is  indicative  of  the 
completion  of  the  intra-uterine  growth  cycle,  that  weights  under  six 
pounds  represent  physiologically  younger  individuals,  while  those  over 
eight  pounds  at  birth  have  completed  and  passed  this  cycle  and  are 
physiologically  older.  It  is  a  fact  that  in  the  several  groups  the  vari- 
abiUty  is  inversely  roughly  proportional  to  the  weight  at  birth;  a  cor- 
relation of  this  with  the  fact  that  there  occurs  a  diminution  of  variabil- 
ity as  time  goes  on  or  with  senescence  (12)  produces  additional  support 
for  the  above  idea. 

Now  growth  in  large  measure  is  dependent  upon  the  mutual  inter- 
effect  of  the  growth  stimulus,  food  supply  and  the  catabohc  processes 
of  metabolism.  This  has  been  expressed  in  part  by  Friedenthal  (27) 
who  states  that  "einLebewesen  wfichst  solange  die  Zunahme  der  Masse 
der  lebendigen  Substanz  in  seinem  Korper  den  Verbrauch  an  lebendigen 
Substanz  durch  die  Lebenschadigungen  im  ganzen  uberwiegt,"  It  is 
permissible  to  omit  from  discussion  the  reciprocal  interdependency  of 
metabolism  and  growth.  The  diets  were  substantially  the  same  for 
all  the  mothers  and  the  metabolic  processes  of  the  infants  can  he  con- 
sidered as  sufficiently  uniform  in  nature  to  require  no  further  comment. 
This  leaves  the  relation  of  mass  to  catalyst  as  the  fundamental  de- 
terminant of  the  growth  capacity  of  the  infants  studied.  Now  Ha- 
tai's  (28)  expression  of  the  idea  that  "an  organism  tends  during  growth 
to  form  the  greatest  amount  of  mass  with  the  leastloss  of  growth  capac- 
ity" does  not  quite  coincide  with  these  results;  in  fact  they  seem  rather 
to  lend  support  to  Robertson's  conception  of  growth  as  an  autocatalyzed 
reaction:  for  it  is  plainly  evident  that  growth  capacity  and  rate  of 
growth  are  increased  by  a  diminution  in  the  total  mass  at  birth  and 
decreased  by  an  increase  of  the  total  mass  at  birth ;  this  is  so  not  only 
from  the  relative  point  of  view  but  also  from  the  standpoint  of  absolute 
increments.  Enriques'  (29)  opinion  that  "das  Wachstum  des  Stoffea 
wird  zur  einschrankenden  Ursach  dea  Wachstums  selbst"  would  also 
seem  to  be  borne  out  by  these  figures  and  the  retardation  effect  on  the 
rate  of  growth  of  the  increase  in  weight  at  birth  is  obviously  the  result 
of  the  preponderance  of  substrate  over  catalyst. 

CONCLUSIONS 

The  growth  capacity  of  human  infants  during  the  first  two  weeks 
after  birth  is  in  a  large  degree  dependent  upon  the  weight  at  birth.     It 
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is  roughly  inversely  proportional  to  the  initial  weight.  The  abUity  to 
recover  and  pass  the  initial  weight  after  the  post-natal  decline  obviously 
varies  in  the  same  way,  so  that  at  the  completion  of  the  period  studied 
some  82  per  cent  of  those  infants  weighing  between  5  and  6  pounds  at 
birth  have  recovered  or  passed  their  initial  weight,  as  compared  with 
20  per  cent  of  those  weighing  from  10  to  11  pounds.  The  intermediate 
groups  vary  inversely  as  to  their  weight  at  birth.. 

Thanks  are  due  to  the  staff  of  the  Boston  Lying-in  Hospital  and  to 
the  office  force  and  nurses  for  their  unfailing  courtesy  and  assistance  in 
making  possible  the  collection  of  the  data  herein  discussed.  The 
kindly  criticisms  of  Dr.  John  L.  Bremer  have  done  much  to  make  this 
material  presentable. 
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I.    INTRODUCTORY 

The  problem  of  the  nature  and  conditions  of  cell-permeability  is  by- 
no  means  a  special  or  limited  one  but  involves  the  whole  question  of  the 
essentia)  physico-chemical  constitution  of  living  matter.  The  plasma- 
membrane,  or  semi-permeable  surface-layter  of  the  cell,  is  not  to  be 
regarded  merely  as  a  simple  passive  partition  separating  the  living  sub- 
stance from  the  surrounding  medium,  but  rather  as  an  integral  part 
of  the  living  protoplasm  itself,  characteristically  modified  in  its  physical 
properties  and  in  its  chemical  composition  and  activities  by  the  con- 
ditions at  the  cell-boundary.  Some  of  its  general  peculiarities,  such 
as  the  existence  of  a  surface-tension,  its  greater  viscosity  or  structural 
density  as  compared  with  the  internal  protoplasm  and  its  difference  in 
composition  from  the  latter,  are  general  properties  of  any  surface- 
layer  at  the  boundary  between  two  immiscible  fluids  containing  sur- 
face-active substances  (especially  colloids)  In  solution;  hence  the  pro- 
toplasmic aurface-layor  has  frequently  been  compared  to  a  haptogen 
membrane.  But  no  merely  static  conception  of  the  structure  and  com- 
position of  this  region  of  the  cell  is  sufficient  to  explain  all  of  its  observed 
properties.  Thus  there  is  no  doubt  that  its  most  general  characteristic 
of  semi-permeability — the  all-essential  insulating  and  diffusion-pre- 
venting property — is  not  merely  the  result  of  a  special  chemical  com- 
position and  structural  density,  such  as  determine  the  semi-permeability 
of  a  precipitation-membrane,  but  is  inseparable  from  the  livingcon- 
dition,  i.e.,  is  actively  maintained  by  a  continual  process  of  metabolism. 
The  proof  of  this  is  that  death — the  cessation  of  metabolism — however 
caused,  is  invariably  followed  by  a  loss  of  semi-permeability,  i.e.,  the 
normal  state  of  the  membrane  then  ceases  to  be  maintained  and  the 
unhindered  processes  of  diffusion  lead  to  the  disintegration  of  the 
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cell.  Hence  destruction  of  the  surface-layer  by  artificial  means — cyto- 
lytic substances,  heat,  extensive  mechanical  injury — is  quickly  fatal  to 
all  cells. 

Since  the  normal  properties  of  this  layer  are  thus  preserved  by  cell- 
metabolism,  and  are  tost  when  metabolism  ceases,  it  is  not  surprising  to 
find  that  these  properties  vary  with  the  state  of  metabolism,  i.e.,  with 
the  physiological  activity  of  the  cell.  The  impermeability  which  the 
plasma-membranes  of  most  cells  usually  exhibit  toward  substances 
like  sugar  and  neutral  salts  may  thus  temporarily  disappear  under 
certain  conditions,  and  there  is  much  evidence  that  this  takes  place 
especially  at  times  of  stimulation  or  increased  functional  activity;' 
the  necessary  entrance  and  exit  of  materials  to  which  the  membrane 
is  at  other  times  impermeable  is  thus  rendered  possible.  Simple  dif- 
fusion, however,  is  not  sufficient  to  account  for  this  interchange.  We 
know  that  in  the  transport  of  substances  into  and  out  of  cells  in  the 
processes  of  absorption  and  secretion  osmotic  work  is  performed,  the 
energy  of  which  is  evidently  derived  from  the  chemical  decomposition 
of  cell-constituents;  and  in  the  nprmal  entrance  of  food-eubstances  and 
the  exit  of  excretory  materials  in  all  cells  similar  factors  are  probably 
at  work.  Apparently  it  is  by  means  of  this  physiological  mechanism 
of  transport,  acting  in  association  with  temporary  increase  of  permea- 
ability,  that  the  normal  interchange  of  materials  with  the  surroundings 
is  effected. 

It  is  to  be  noted  that  this  condition  implies  tTUermiUency  in  the  proc- 
ess of  interchange,  with  corresponding  intermittent  variations  in  the 
osmotic  properties  of  the  plasma-membrane.  The  constant  associ- 
ation of  these  variations  of  permeability  with  bioelectric  variations, 
i.e.,  with  electric  currents  passing  between  the  cell-interior  and  the 
surroundings,  suggests  that  processes  of  electrical  convection  or  electro- 
endoemose  are  concerned  in  the  transport.  Bioelectric  currents  always 
accompany  stimulation  and  functional  activity,  and  must,  like  other 
electric  currents  passing  through  solid  partitions,  cause  transport  of 
fluid.'    That  the  physiological  transporting  mechanism  acts  intet^ 

'  Cf.  the  instances  of  aecrclion,  HctivatioD  of  egg^cell,  niBDy  Btimulation 
proeeMeH.  For  a  sumDiary  of  the  Keneral  evidence  rf.  my  papers  in  this  Journal, 
100»,  xiv.  24;  1911,  xxviii.  197;  1915,  xxxvii,  34S. 

*  C/.  my  recent  paper  in  Biol  Bull.,  1917,  xxxiii,  135;  see  pp.  170  teq.  In  any 
bioelectric  current  the  jicisiiive  stream  flows  in  (he  extracellular  part  of  the  cir- 
cuit from  the  inacUve  to  the  active  region;  the  flow  of  water  in  electro-endosmose 
is  with  the  positive  stream  when  the  solid  material  composing  the  partition  i> 
negatively  eharKed,  as  in  livinx  cells;  hence  the  current  will  tend  to  convey  wat«r 
into  the  cell  at  the  active  region,  which  is  also  the  region  of  increased  permeability. 
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mittently  seems  certain  from  the  above  considerations;  and  this  inters 
mittency  may  at  times  become  regularly  rhythmical  in  character;  the 
case  of  heart-muscle  and  other  rhythmically  acting  tissues  probably 
exemplifies  this  condition.  It  is  possible  that  the  wide  distribution  of 
rhythmical  activities  like  ciliary  movement  is  an  index  of  a  general 
tendency  on  the  part  of  protoplasmic  surface-structures  to  vary  rhyth- 
mically in  their  permeability  and  electrical  polarization.* 

The  theory  that  variations  of  permeability  are  constantly  associated 
with  functional  activity  explains  the  apparent  paradox  that  the  plasma- 
membranes  of  resting  cells,  e.g.,  muscle-cells,  usually  exhibit  themselves 
in  osmotic  experiments  as  impermeable  to  just  those  substances  which 
are  most  necessary  for  their  continued  life,  viz.,  sugars,  amino-acids 
and  neutral  salts;  as  we  have  just  seen,  such  substances  are  probably 
transported  across  the  cell-boundary  by  a  physiological  process  acting 
intermittently,  which  is  largely  independent  of  diffusion.  On  this  view, 
variations  in  the  permeability  of  the  plasma-membrane  form  an  es- 
sential condition  of  interchange  with  the  surroundings;  and  since  such 
interchange  is  obviously  necessary  to  jcontinued  metabolism,  we  reach 
the  general  conclusion  that  the  control  of  metaboUc  processes  depends 
largely  upon  these  variations  of  permeability.  The  associated  bio- 
electric currents  may  by  means  of  their  electrolytic  action  direcUy 
determine  the  chemical  changes  taking  place  at  the  cell-surface.* 

On  the  other  hand,  the  normal  properties  of  the  plasma-membrane 
itself,  as  of  other  cell-structures,  are  maintained  by  processes  of  con- 
structive metabolism;  these  automatically  replace  the  material  which  is 
altered  or  destroyed  in  activity  or  otherwise.  The  materials  necessary 
for  the  reconstitution  of  the  membrane-substance  after  breakdown 
are  continually  being  synthesized  and  laid  down  as  part  of  the  oi^anized 
structure;  in  this  manner  the  properties  of  the  membrane  are  kept  con- 
stant and  the  stability  of  the  Uving  system  is  ensured.  Of  all  cell- 
structures  the  plasma-membrane  thus  appears  to  be  the  most  stable 
and  nesistant;  for  example,  in  the  decrease  of  size  incident  to  starvation 
it  remains  intact  with  unaltered  properties,  a  fact  showing  that  it 
must  then  maintain  itself  at  the  expense  of  the  internal  protoplasm. 
This  fact  again  illustrates  the  special  importance  of  the  surface-film  in 
the  maintenance  of  the  living  system.  There  are  various  other  indi- 
cations that  the  aurface-metabolism  of  living  protoplasm  is  the  con- 
trolling metabolism ;  it  seems  indeed  probable  that  the  prevalence  of  the 

'  Biol.  Bull.,  loc.  cil.,  169. 

'  Biol.  Bull.,  loc.  cit.,  172. 
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cellular  type  of  structure  in  organisma,  with  the  large  development  of 
surface-protoplasm  which  it  makes  possible,  is  ultimately  to  be  referred 
to  the  existence  of  a  general  condition  of  this  kind.* 

The  normal  semi-permeability  of  the  plasma-membrane  thus  appears 
to  be  maintained  by  a  specific  metabolic  regulatory  process,  the  precise 
nature  of  which  is  still  far  from  clear  but  which  automatically  restores 
the  semi-permeability  of  any  region  of  the  cell-surface  whenever  the 
latter  becomea  permeable  to  any  of  the  essential  water-soluble  cell- 
constituents — i.e.,  whenever  the  continuity  of  the  surface-film  is  in- 
terrupted. Hence  this  continuity  tends  to  be  regained  quickly  after 
any  change  involving  alteration  of  the  cell-surface.*  On  any  other 
assumption  it  seems  impossible  to  account  for  the  characteristic  in- 
solubility of  living  protoplasm  in  the  aqueous  medium  usually  surround- 
ing it;  although  typically  in  a  fine  stat«  of  subdivision  (i.e.,  into  numer- 
ous minute  "cells"),  protoplasm  resists  perfectly  the  solvent  or  dis- 
integrative action  of  water,  notwithstanding  the  high  water-solubility 
of  many  of  its  constituents.  This  water-insotubility — which  is  shown 
by  the  existence  of  a  sharply  defined  and  permanent  surface  of  separa- 
tion between  protoplasm  and  medium — constitutes,  from  the  physico- 
chemical  point  of  view,  one  of  the  most  remarkable  of  its  peculiarities. 
In  order  to  account  for  this  property  it  seems  necessary  to  assume 
that  the  cell-surface  consists  chiefly  of  water-insoluble  materials  and 
also  that  materials  of  this  nature  are  continually  being  formed  in 
metabolism '  and  deposited  at  the  surface  to  replace  those  normally 
lost.  The  significance  of  the  lipoid  constituents  of  protoplasm  becomes 
clearer  on  such  a  view;  these  substances  have  the  solubilities  of  fats  and 
are  water-insoluble  in  the  true  sense,  although  readily  forming  colloidal 
suspensions  or  emulsions;  hence  they  are  probably  chiefly  responsible 
for  the  water-insoluble  character  of  the  surface-film.  We  may  thus 
understand  why  the  plasma-membrane  is  so  effective  a  barrier  to  those 
water-soluble  compounds  (like  sugar  and  neutral  salts)  which  are  also 
lipoid -insoluble,  while  readily  admitting  lipoid-soluble  compounds — 
a  general  property  of  living  cells  the  importance  of  which  was  first 
recognized  by  Overton. 

One  might  suppose  that  a  layer  composed  largely  of  water-insoluble 
material  would  also  form  a  barrier  to  the  passage  of  water,  yet  the 
general  impression  is  that  water  enters  and  leaves  living  cells  with 

•Biol.  BulL./of.  eit.,  184. 

*  C/.  the  observations  of  Chambers  sfaowiDg  rapid  reconstructioD  of  the  sur- 
fMe-61m  in  sea-urchin  eggs  after  injury:  this  Journal,  1917,  xliii,  1;  c/.  pp.  6  ieq. 
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great  ease.  This  however  may  be  due  to  the  large  ratio  of  surface  to 
volume  in  such  minute  structures  as  cells,  rather  than  to  a  high  specific 
permeability  to  water.  It  is  noteworthy  that  living  cells  retain  water 
with  greater  tenacity  than  dead  cells,  as  shown  by  their  more  gradual 
loss  of  weight  when  exposed  to  evaporation;'  and  this  fact  indicates 
that  the  permeability  to  water  undergoes  a  decided  increase  after  death, 
coincidently  with  the  general  increase  of  permeability  to  dissolve  sub- 
stances. Bernstein's  explanation  is  that  in  the  living  cell  the  electri- 
cally polarized  condition  of  the  plasma-membrane  makes  the  outward 
passage  of  water  difficult;  but  Hober  opposes  this  view  and  suggests 
that  the  slower  evaporation  from  living  tissues  is  due  simply  to  the 
presence  of  turgor;  when  the  cells  die  and  lose  semi-perrneability  turgor 
also  disappears,  and  water  then  for  the  first  time  leaves  the  cells  readily 
and  evaporates.  There  is  however  little  if  any  turgor  in  the  vertebrate 
tissues  used  in  many  of  Bernstein's  experiments;  yet  in  these,  as  well 
as  m  plant  tissues,  the  rate  of  evaporation  is  much  increased  by  death. 
Why  such  evaporation  should  take  place  slowly  through  the  living  and 
rapidly  through  the  dead  plasma-membrane  seems  not  easily  to  be 
explained  except  on  the  view  that  the  living  membrane  oSers  a  greater 
resistance  to  the  passage  of  water,  i.e.,  is  relatively  impermeable  to 
water.  In  general  a  high  degree  of  semi-permeabiUty  in  artificial  pre- 
cipitation-membranes appears  to  require  a  high  degree  of  impermeabil- 
ity to  water,  as  Morse  found  in  his  determination  of  the  osmotic  pres- 
sure of  sugar  solutions."  That  the  ahnost  perfect  semi-permeability 
exhibited  by  many  living  plasms-membranes  is  in  reality  often  associ- 
ated with  a  correspondingly  high  impermeability  to  water  may  readily 
be  shown  in  certain  cases.  For  example,  the  rate  of  abstraction  of 
water  from  unfertilized  sea-urchin  eggs  in  strongly  hypertonic  sea 
water  is  surprisingly  slow,  as  I  shall  describe  later;  and  the  same  is 
true  of  the  rate  of  swelling  in  dilute  sea-water,  a  fact  to  which  both 
Harvey  and  I  have  recently  called  attention.'  It  is  possible  that  the 
degree  of  permeability  of  the  plasma-membrane  to  water  may  be  a 
general  index  of  its  permeability  to  all  substances  which  enter  and  leave 
the  cell  in  aqueous  solution,  especially  if  this  transport  is  normally 

'  C/.  Bernstein:  Elektrobiologie,  Braunschweig,  1912,  pp.  165  seq. 

*  Morse:  Oemotic  pressure  of  aqueous  solutions,  Carnegie  Institution.  Waab- 
ington,  1914.  See  Morse's  remarks  on  the  necessity  of  a  fine  texture  in  the  por- 
celaiae  cells  supporting  the  precipitation  rnembrane,  p.  15;  also  pp.  87  »eq. 

•Harvey:  Science.  N.  S..  ISIO,  xxxii,  563;  H.  Lillie:  This  Journal.  1918,  xl, 
349. 
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accompanied  by  a  flow  of  water  (as  ia  the  case,  e.g.,  in  secretory  proo- 
esaes).  Evidently  there  can  be  no  interchange  of  dissolved  material 
between  two  adjacent  solutions  separated  by  a  solid  partition  if  the 
solvent  cannot  pass  the  partition  (unless  indeed  the  partition  itself 
also  acts  aa  a  solvent);  for  example,  a  glass  bottle  containing  a  solution 
shows  no  osmotic  efiFects  when  immersed  in  water.  In  general,  the 
rate  of  any  osmotic  process  is  limited  by  the  permeability  of  the  mem- 
brane to  the  solvent";  and  in  view  of  the  importance  of  osmotic  processes 
in  physiology,  it  seems  desirable  that  the  conditions  of  permeability 
to  water,  as  well  as  to  dissolved  substances,  should  receive  further 
investigation.  Hitherto  little  attention  has  been  paid  to  this  general 
problem;  in  many  cells,  however,  the  degree  of  permeability  to  water 
is  a  constant  and  definite  character,  which  varies  with  physiological 
conditions  and  can  be  measured  with  considerable  accuracy. 

In  certain  cases  a  quantitative  expression  of  the  permeability  of  the 
plasma-membrane  to  water  may  be  obtained  by  measuring  the  rate  at 
which  water  enters  or  leaves  the  cell  under  a  definite  gradient  of  osmotic 
pressure.  This  is  done  by  determining  the -alteration  in  weight  or  vol- 
ume taking  pUce  in  a  given  time  in  a  hypertonic  or  hypotonic  phya- 
stologically  balanced  medium  of  known  osmotic  pressure.  The  cases 
where  such  a  method  can  be  expected  to  give  reasonably  accurate 
results  are  perhaps  not  numerous.  To  determine  at  frequent  intervals 
the  weight  of  a  tissue  immersed  in  an  anisoto'oic  medium  is  a  difficult 
and  often  impracticable  process  with  many  sources  of  accidental  varia- 
tion. Consistent  results  are  possible,  however,  in  the  case  of  spherical 
cells  like  sea-urchin  eggs,  which  swell  slowly  in  hypotonic  media  (e.g., 
dilute  sea-water)  without  change  of  form.  In  such  eggs  the  diameter 
at  any  time  can  be  measured  rapidly  by  the  ocular  micrometer  with  a 
sufficient  degree  of  accuracy,  and  the  volume  can  be  calculated  on  the 
assmnption  that  the  form  is  spherical.  Using  this  method,  I  was 
able  to  show  that  in  the  Arbacia  egg  fertiUzation  is  followed  by  an 
approximately  fourfold  increase  in  the  permeability  to  water."  By 
this  means  it  would  probably  be  possible  to  compare  the  relative 
permeability  of  different  species  of  ^gs  to  water  and  to  study  the 
variations  of  permeabihty  in  the  same  egg  under  different  conditions 
of  temperature,  physiological  activity,  composition  of  medium,  etc. 
The  ratio  between  the  rate  of  entrance  of  water  under  standard  con^ 
ditions   (of  osmotic   pressure-gradient,   temperature,   composition   of 

"Cf.  Antropoff:  Zeitachr.  physik.  Chem.,  1911,  Ixxvi,  721. 

■>  Thi«  Journal,  1916,  xl,  249. 
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medium)  and  the  area  of  the  membrane  would  give  a  measure  of  the 
specific  permeability  of  the  membrane  to  water.  In  cases  where  this 
method  proved  applicable  its  simplicity  would  be  an  advantage. 

II.    DIRECT  EFFECTS   OF   HTPERTONIC  SBA^WATER  UPON  FERTILIZED  AND 
UNFERTILIZED   ARBACIA   EOQS 

In  any  hypertonic  medium  which  is  otherwise  non-injurious  {i.e., 
free  from  toxic  substances  and  containing  the  necessary  salts  in  balanced 
proportions,  like  sea-water  or  van't  Hoff's  solution)  Arbacia  eggs  show 
the  usual  behavior  of  Hving  cells,  they  lose  water  and  shrink;  in  a 
hypotonic  medium  they  swell.  In  general  the  rate  of  the  osmotic 
entrance  or  exit  of  water  in  any  cell,  after  transfer  from  its  normal 
medium  to  one  of  similar  constitution  but  different  osmotic  pressure, 
varies  directly  (1)  with  the  gradient  of  osmotic  pressure  between  the 
interior  and  the  exterior  of  the  cell,  (2)  with  the  area  of  the  enclosing 
semi-permeable  membrane,  and  (3)  with  the  permeability  of  this  mem- 
brane to  water.  Hence  if  the  same  cell  exhibits  at  different  times 
definite  inequalities  in  the  rate  of  osmotic  gain  or  loss  of  water  in  the 
same  medium,  the  inference  is  that  the  resistance  to  the  passage  of 
water  across  the  membrane  has  varied  correspondingly, — in  other 
words  that  the  permeability  to  water  is  subject  to  change  under  varying 
physiological  conditions.  The  Arbacia  egg  presents  k  very  clear  case 
of  this  kind,  fertilization  being  followed  regularly  by  a  marked  increase 
in  the  permeability  of  the  plasma-membrane  to  water, — as  may  readily 
be  shown  by  bringing  the  eggs  into  eitherdilute  or  concentrated  sea-water; 
in  the  former  medium  they  swell,  in  the  latter  they  shrink,  but  in  both 
cases  the  rate  of  the  process  is  much  greater  in  the  fertilized  than  in  the 
unfertihzed  eggs.  Both  swelling  and  shrinkage  are  surprisingly  slow 
in  unfertilized-  eggs;  when  these  e^s  are  transferred  from  sea-water 
into  a  strongly  hypotonic  or  hypertonic  medium  they  exhibit  little 
alteration  of  size  at  a  time  (e.g.,  one  or  two  minutes  after  transfer) 
when  fertihzed  eggs  in  the  same  solution  are  conspicuously  swollen  or 
shrunken  (see  fig.  1).  This  difference  of  behavior  relates  entirely  to 
the  rofe  at  which  water  either  enters  or  leaves  the  ^g;  the  degree  of 
swelling  or  shrinkage  when  osmotic  equilibrium  is  reached  does  not  differ 
appreciably  in  the  two  kinds  of  eggs."  It  is  clear  therefore  that  the 
change  in  osmotic  properties  has  nothing  to  do  with  any  change  which 

"  See  the  curves  in  my  former  article,  loc.  cit.,  255. 
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fertilization  might  be  supposed  to  produce  in  the  osmotic  pressure  of 
the  egg-protoplasm,  but  is  determined  solely  by  the  greater  readiness 
with  which  water  enters  or  leaves  the  fertiUzed  egg. 

According  to  my  former  measurements  on  the  rate  of  sweUing  of 
fertilized  and  unfertihzed  e^a  in  dilute  sea-water,  the  resistance 
to  the  passage  of  water  through  the  plasma-membrane  is  decreased, 
as  a  result  of  fertilization,  to  approximately  one-fourth  of  ite  former 
value.  A  second  method  of  detecting  and  estimating  the  change  in 
the  permeability  of  the  egg  to  water  is  to  determine  the  relative  rates 

TABLE  1 


1.  2.0m 

2.  1, 6m 

3.  1.26m 


Rapid  and  complete  coll&pae 
with  immediate  and  marked 
lose  of  pigment  from  the  eggs 

Collapse  and  loss  of  pigment  are 
rapid,  but  less  bo  than  in  aolu- 


Rapid  shrinkage  and 
with  some  extraction  of  pig- 
ment, but  less  than  in  solution 
2 

Eggi  shrink  and  crenate  more 
slowly  than  in  solution  3;  no 
evident  loss  of  pigment  in  2 


Shrinkage  is  slower  than  in  solu- 
tion 4  and  relatively  slight; 
all  eggs  are  slightly  crenated 
in  one  minute 


Eggs  remain  collapsed  and  do  not 
cleare  or  develop 

Moat  eggs  remain  collapsed,  but 
a  few  (CO.  6  per  eent)  recover 
the  normal  water-content  and 

Most  eggs  round  oft  within  3 
minutes  and  later  cleave;  the 
majority  form  blastulie. 

All  eggs  round  off  rapidly  and 
later  continue  cleav^e  and 
development;  the  great  major- 
ity form  larvB 

All  eggs  form  larvte 


of  shrinkage  in  strongly  hypertonic  sea-water  or  van't  H<^'s  solution, 
and  some  of  the  possibilities  of  this  method  were  investigated  at  Woods 
Hole  last  summer.  In  experiments  of  this  kind  it  lb  im|lortant  to  avoid 
too  great  a  degree  of  hypertonicity  in  the  solutions  used,  since  then 
injury  results;  on  the  other  hand,  if  the  osmotic  pressure  is  too  Low  the 
effects  are  not  definite  enough.  The  following  experiments  (table  1) 
will  illustrate  the  nature  of  the  effects  observed  with  media  of  varying 
osmotic  pressure.  Fertilized  eggs  were  placed,  thirty  to  forty-five 
minutes  after  fertilization,  in  van't  Hoff's  artificial  sea-water  of  the 
concentrations  given  in  the  table.    The  action  of  each  solution  upon 
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the  eggfl  was  obeerved  in  watch-glasses.  After  remaining  in  the  solu- 
tions for  ten  to  fifteen  minutes  the  eggs  were  returned  to  normal  sea- 
water,  and  the  changes  immediately  following  this  second  transfer 
were  abo  observed.  Some  of  the  eggs  were  left  in  sea-water  in  order  to 
observe  later  the  effect  of  the  treatment  upon  cleavage  and  development. 
These  experiments  show  that  irreversible  effects  appear  only  when 
the  excess  of  osmotic  pressure  approaches  the  order  of  twenty  atmos- 
pheres (solution  2).  The  osmotic  collapse  in  the  first  two  solutions 
is  permanent  and  is  associated  with  a  cytolytic  action  indicated  by  loss 
of  pigment ;  the  failure  of  the  e^s  to  round  off  on  return  to  sea-water 
shows  that  the  semi-permeability  of  the  plasma-membrane  has  been 
permanently  destroyed;  evidently  some  irreversible  structural  altera- 
tion has  taken  place.  In  the  less  concen- 
trated solutions  the  osmotic  properties  of 
the  membrane  remain  unimpaired,  and  the 
eggs  recover  their  normal  water-content  in 
sea-water  and  continue  development.  So- 
lutions having  an  osmotic  pressure  similar 
to  that  of  solutions  2  and  3  were  used  in 
most  of  the  following  experiments.  In  most 
cases  these  solutions  were  made  by  mixing 
concentrated  van't  HoET's  solution  with  sea- 
water.  - 

Differences  between  fertilized  and  unfertil' 
ized  eggs.  When  transferred  to  hypertonic 
sea-water  or  van't  Hoff's  solution  of  35  to 
40  atmospheres  osmotic  pressure,  fertilized 
eggs  are  at  once  seen  to  shrink  rapidly  and 
the  egg-surface  is  thrown  into  characteristic  folds  and  crenations; 
unfertilized  ^gs  in  the  same  medium  shrink  slowly  and  at  first  imper- 
ceptibly, and  remain  roimd.  Any  balanced  medium  of  sufiicient 
h3'pertomcity  may  be  used  to  demonstrate  this  difference;  in  most  of 
the  following  experiments  a  mixture  of  one  volume  of  2.5m  van't 
Hoff's  solution"  phts  three  or  four  volumes  normal  sea-water  was  used; 
the  former  solution  has  an  estimated  osmotic  pressure  at  20°  of  ca. 
40  atmospheres,  the  latter  of  ca.  36  atmospheres — as  E^ainst  the  24 
atmospheres  of  the  sea-water  at  Woods  Hole.     In  either  of  these  solu- 

"  Van't  HofF's  solution  contains  the  following  salts  in  the  molecular  propor- 
tions: 100  NaCl,  2.2  KCI,  7.8  MgCI,,  3.8  MgSOi,  2  GaG]|.  The  above  solution  is 
mnde  by  mixing  2.5m.  solutions  of  the  salts  in  the  above  proportions  by  volume. 


o 

A 

o 


Fig.  1.  A  and  B,  outlines 
of  unfertilized  and  fertilised 
Arbacia  eggs  in  normal  sea- 
water;  C  and  £>,  appearance 
of  the  same  eggs  after  one 
minute  in  hypertonic  Ma- 
water. 
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tions  fertilized  eggs  begin  to  crenate  within  fifteen  or  twenty  seconds 
after  transfer  while  unfertilized  eggs  show  no  evident  change  until 
much  later.  The  most  striking  and  convenient  method  of  showing  this 
difference  is  to  place  a  mixture  of  equal  numbers  of  unfertilized  and 
fertilized  eggs  (the  latter  fertiUzed  at  least  fifteen  minutes  previously) 
in  hypertonic  sea-water.  The  fertiUzed  eggs  at  once  shrink  rapidly  and 
undergo  crenation,  and  within  less  than  one  minute  exhibit  a  collapsed, 
shrunken  and  angular  appearance;  at  this  time  the  unfertilized  eggs  are 
apparently  unaltered,  so  that  a  striking  contrast  is  presented  (see  fig.  1). 
Shrinkage  continues  slowly  in  the  unfertilized  eggs  and  becomes  well 
marked  in  the  course  of  five  or  six  minutes;  but  a  curious  feature  in  the 
behavior  of  these  eggs  is  that'  they  remain  smooth  and  spherical  during 
the  entire  period  of  shrinkage,  the  surface  showing  no  sign  of  the  folda 
and  crenations  characteristic  of  the  fertiUzed  eggs.  It  is  evident  that 
as  a  result  of  fertilization  the  properties  of  the  plasma-membrane  have 
undergone  profoujid  alteration  affecting  both  its  osmotic  properties 
and  its  physical  consistency,  so  that  this  simple  osmotic  treatment  is 
sufficient  to  differentiate  sharply  between  the  two  kinds  of  eggs. 

An  incidental  effect  of  the  above  treatment  is  that  the  rapid  abstrac- 
tion of  water  from  the  fertilized  e^s  causes  a  considerable  increase 
in  their  density,  hence  they  sink  in  the  hypertonic  sea-water  more 
rapidly  than  the  unfertilized  eggs;  in  fact  a  partial  separation  of  the 
two  kinds  can  readily  be  accomplished  by  taking  advantage  of  this 
difference  in  the  rate  of  sinking.  The  following  experiment  will  illus- 
trate. To  a  mixture  of  fertilized  and  unfertihzed  eggs  in  normal 
sea-water  a  relatively  large  volume  of  hypertonic  van't  Hoff's  solution 
(Im;  O.P.  -  ca.  40  atm.)  was  added;  the  eggs  were  then  uniformly 
distributed  in  a  graduate  {^nd  allowed  to  sink.  At  the  end  of  three 
minutes  and  again  at  the  end  of  twelve  minutes  some  eggs  were  removed 
with  a  pipette  from  the  upper  layer  of  the  sinking  mass,  and  the  pro- 
portions of  fertilized  and  unfertilized  were  determined  by  counting  the 
numbers  of  each  kind  in  several  microscopic  fields  under  the  low  power. 
The  numbers  obtained  were  as  follows: 


™™.»o 

r.^^» 

Before  sinkioK 

48 
46 
17 
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It  is  evident  that  the  proportion  of  unfertilized  eggs  in  the  surface 
layer  increases  rapidly  as  the  eggB  sink  through  the  solution.  A 
practical  method  of  separating  fertilized  from  unfertilized  e^^  without 
injury — in  case  such  a  method  were  required  for  any  purpose — could 
no  doubt  be  devised,  e.g.,  by  using  moderately  hypertonic  sea-water 
and  a  centrifuge. 

When  eggs  that  have  been  shrunken  in  hypertonic  sea-water  are 
returned  to  normal  sea-water,  water  reenters  the  fertihzed  eggs  rapidly, 
the  unfertilized  eggs  slowly.  It  has  already  been  shown  that  shrinkage 
in  moderately  hypertonic  sea-water  does  not  impair  the  developmental 
capacity  of  the  eggs;  and  correspondingly  the  osmotic  properties  of  the 
plasma-membranes  appear  to  be  unaffected  by  this  treatment,  as  indi- 
cated by  the  following  experiment.  Mixed  fertilized  and  unfertilized 
egs^  were  "placed  in  hypertonic  sea-water  (1  vol.  2.5m  van't  HofE's 
solution  plus  4  vols,  sea-water)  and  left  for  five  minutes;  at  this  time 
the  fertilized  eggs  had  the  typical  collapsed  and  angular  appearance 
and  were  smaller  than  the  round  unfertilized  e^s  which  had  not  yet 
reached  osmotic  equilibrium.  The  eggs  were  then  returned  to  normal 
sea-water.  After  one  minute  in  sea-water  the  fertilized  eggs  were  again 
round  and  already  distinctly  larger  than  the  unfertilized  eggs — show- 
ing that  even  under  a  smaller  gradient  of  osmotic  pressure  water  re- 
entera  the  fertilized  eggs  more  rapidly.  After  two  or  three  minutes  in 
sea-water  the  difference  in  size  was  still  apparent  though  less  so  than 
before;  later,  as  the  unfertihzed  eggs  also  approached  csmotic  equiUb- 
rium,  the  difference  disappeared.  It  is  clear  that  the  resistance  to  the 
passage  of  water  in  either  direction  through  the  plasma-membrane  is 
much  smaller  in  fertilized  than  in  unfertilized  eggs.  This  experiment 
thus  yields  the  same  result  as  the  earlier  experiments  in  which  eggs  were 
transferred  from  normal  to  dilute  sea-water — in  this  case  also  from  a 
more  to  a  less  concentrated  medium.  The  use  of  dilute  sea-water  in 
the  osmotic  method  of  determining  relative  permeability  has  the  ad- 
vantage that  a  quantitative  comparison  between  the  rates  of  entrance 
of  water  is  possible,  since  the  eggs  remain  spherical  and  the  volumes  can 
be  calculated  from  the  diameters;  this  is  not  possible  when  hypertonic 
sea-water  is  used,  because  of  the  irregular  form  of  the  collapsed  fer- 
tilized eggs. 

The  rapid  dehydration  in  strongly  hypertonic  solutions  has  a  de- 
structive action  upon  fertilized  eggs  (see  table  1);  unfertilized  eggs,  in 
correspondence  with  their  slower  shrinkage,  are  less  injured  by  such 
solutions,  as  is  shown  by  the  following  experiment.     Equal  quantities 
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of  fertilized  and  unfertilized  eggs  in  separate  watch-glasses  were  exposed 
to  equal  volumes  of  strongly  hypertonic  sea-water  (10  cc.  of  a  mixture 
tif  10  vols.  2.5m  van't  Hoif's  solution  plus  15  vols,  sea-water).  Within 
one  minute  the  fertilized  eggs  turned  pink  in  color,  a  sign  of  cytolysia, 
and  within  two  minutes  the  solution  was  deeply  colored  with  escaped 
pigment.  After  the  same  interval  the  unfertilized  eggs  showed  no  indi- 
cation of  cytolysis  and  the  solution  remained  clear;  an  hour  later  the 
eggs  were  still  uncytolyzed, -although  much  shrunken,  and  there  was  no 
evident  lose.of  pigment.  Loeb  and  others  have  described  experiments 
showing  the  greater  resistance  of  unferlihzed  eggs  to  various  forms  of 
toxic  action;**  and  the  above  observations  indicate  that  this  difference 
depends  primarily  upon  the  difference  in  the  properties  of  the  semi- 
penneable  protoplasmic  surface-layer  (or  plasma-membrane)  before 
and  after  fertilization.  The  precise  physico-chemical  basis  of  this  dif- 
ference remains  to  be  determined;  there  are,  however,  two  definite 
changes  in  the  physical  properties  of  the  plasma-membrane  which  are 
brought  out  clearly  by  the  above  experiments:  (1)  the  increased  pei^ 
meabiljty  to  water  following  fertilization,  i.e.,  decreased  resistance  to 
its  passage  or  decreased  waterproof  property,  and  (2)  the  simultaneous 
disappearance  of  the  tension  or  contractile  properties  of  the  surface- 
film  of  protoplasm.  The  decrease  in  the  resistance  to  toxic  ^ents  is 
apparently  correlated  with  this  change  of  properties  in  the  membrane.' 

The  latter  of  these  two  changes  is  remarkable.  In  the  unfertilized, 
egg,  as  already  described,  the  surface  contracts  or  decreases  in  area' 
as  water  is  lost,  so  that  the  whole  egg  remains  smooth  and  spherical — 
indicating  the  existence  of  a  certain  contractile  tendency  or  tension 
in  the  surface-film;  i.e.,  the  surface  acts  as  if  fluid  or  elastic  in  its  prop- 
erties, while  in  the  fertiUzed  egg  even  a  slight  decrease  in  volume  throws 
the  surface  into  folds,  indicating  the  lack  of  any  such  effective  surface- 
tension.  Apparently  the  surface-Sim  in  the  latter  case  is  solid  and 
under  little  or  no  tension;  hence  its  area  does  not  adjust  itself  to  the 
decreased  volume  of  the  egg.  It  should  be  noted  here  that  certain 
constant  diflferences  in  the  mechanical  and  other  properties  of  the  egg- 
surface  before  and  after  fertilization  have  also  been  observed  by  Cham- 
bers,'* using  the  methods  of  microdissectibn.  His  observations,  not 
yet  published  in  detail,  should  be  correlated  with  those  above  dceoribed. 

The  action  of  hypertonic  sea-vxUer  upon  eggs  with  artificial  fertilieaiion- 
membranea.     Eggs  in  which  artificial  fertilization-membranes  have  been 

••J.  Lo«b:  Biocbem.  Z«itachr.,  1900,  i,  200;  1006,  ii,  61. 
'*  Sm  tb«  footnote  on  p.  2U  of  my  former  paper,  toe.  eit. 
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fonned  by  exposure  to  butyric  acid  solution  exhibit  the  same  increase 
of  water-permeability  and  liability  to  crenation  as  sperm-fertilized  eggs; 
but  the  effects  are  more  variable  and  present  an  interesting  series  of" 
gradations.  The  following  description  of  a  tjrpical  experiment  will 
illustrate: 

AtiffMl  17,  IB17,  Unfertilized  Arbaci&  egga  were  exposed  for  Beveoty-five 
secoDds  to  a  BolutioD  of  N/260  butyric  acid  in  sea-water  (2  cc.  n/10  acid  plui 
50  cc.  sea-water)  and  then  returned  to  normal  sea-water.  Twenty-five  minutes 
later  a  strongly  hypertonic  sea-water  (1  vol.  2.5m  van't  Hofl's  soIutioD  plua 
2  vols,  sea-water)  was  added  to  a  mass  of  these  eggs  in  a  watch-glass  (lot  A). 
At  the  same  time,  for  compariBon  and  control,  a  similar  quantity  of  aperm-fer- 
tilized  eggs  (fertilized  twenty-five  minutes  previously)  was  similarly  treated  in  a 
second  watch-glass  (lot  B). 

In  lot  A  the  majority  of  eggs  showed  well-marked  shrinkage  and  crenation  in 
less  than  one  minute.  The  shrinkage  was  however  on  the  whole  less  marked  than 
in  lot  B  and  its  degree  was  more  variable;  a  considerable  proportion  of  eggs  is 
which  membranes  were  imperfectly  separated  or  absent  shrank  slowly  and  re- 
mained round;  even  after  three  minutes  this  minority  {ca.  20  to  30  per  cent)  were 
still  rounded  and  less  shrunken  than  the  others.  In  general  the  eggs  with  the 
most  definite  and  well -separated  membranes  showed  the  most  rapid  and  com- 
plete shrinkage  and  crenation.  There  was  also  a  considerable  loss  of  pigment 
from  the  eggs  in  lot  A,  but  distinctly  less  than  in  lot  B;  closer  examination  showed 
that  in  the  eggs  with  imperfect  membranes  or  without  visibly  separated  mem- 
branes the  cytolytic  effect  was  slight  or  absent. 

In  the  control  experiment  (lot  B)  all  eggs  underwent  rapid  and  complete  col- 
lapse and  the  loss  of  pigment  was  well-marked. 

Several  other  experiments  of  the  same  kind,  with  less  strongly 
hypertonic  solutions,  gave  the  same  general  result.  It  is  well  known 
that  artificial  membrane-formation  in  Arbacia  eggs  is  a  highly  variable 
process  and  that  the  membranes  are  typically  thinner  than  those  formed 
in  normal  fertilization  and  adhere  more  closely  to  the  e^-surface; 
usually  in  a  minority  of  e^^  no  separate  membrane  can  be  seen.  In 
all  cases  it  was  found  that  those  eggs  which  underwent  the  most  rapid 
and  well-marked  collapse  were  those  having  well  separated  and  definite 
membranes;  eggs  with  imperfect  membranes  shrank  more  slowly  and 
tended  to  remain  round;  while  there  was  always  present  a  certain 
variable  proportion  of  e^,  without  visibly  separated  membranes, 
which  exhibited  a  behavior  almost  indistinguishable  from  that  of  un- 
fertilized eggs,  shrinking  slowly  and  remaining  quite  round. 

A  definite  correlation  was  thus  found  between  the  degree  of  mem- 
brane-separation and  the  degree  of  increase  in  permeability  to  water. 
The  ^gs  with  the  most  nearly  normal  membranes  approach  most 
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nearly  in  their  osmotic  behavior  to  sperm-fertilized  eggs.  It  seems 
probable  that  the  d^ree  of  completeness  of  the  activation-effect  is 
similarly  detennined;  as  a  rule  the  results  of  artificial  parthenogenesis  ' 
in  Arbacia  show  wide  variation  and  only  a  small  proportion  of  eggs 
form  normal  larvae.  I  have  not  yet  investigated  the  effect  of  the 
second  "corrective"  treatment  with  hypertonic  sea-water  upon,  tfje 
water-permeability  of  these  eggs.  It  is  clear,  however,  that  the  mem- 
brane-forming agent,  when  effective,  produces  the  same  kind  of  effect 
upon  permeability  as  the  normal  entrance  of  the  sperm.  This  may  also 
be  demonstrated  by  the  use  of  dilute  sea-water;  eggs  with  artificial 
membranes  swell  more  rapidly  than  normal  unfertilized  eggs,  although 
on  the  whole  less  rapidly  and  at  a  more  variable  rate  than  sperm- 
fertilized  eggs." 

Effects  of  hypertonic  aeaivater  upon  Echinaracknins  eggs.  Experi- 
ments similar  to  the  above  were  performed  with  the  fertilized  and  un- 
fertilized eggs  of  the  sand-dollar,  Echinarachnius  panna.  These  eggs 
are  spherical  in  form  and  much  larger  than  those  of  Arbacia,  having  an 
average  diameter  of  about  140;i;"  they  have  a  clear  protoplasm,  only 
slightly  pigmented,  and  are  highly  favorable  objects  for  experimental 
purposes.  They  are  readily  obtained  in  quantity  and  resemble  sea- 
urchtn  eggs  in  their  general  properties. 

Unfertilized  eggs  placed  in  a  strongly  hypertonic  sea-water  (1  vol. 
2.5m  van't  HofiF's  solution  plus  2  vols,  sea-water)  shrink  gradually  and 
remain  round,  while  fertilized  eggs  in  the  same  solution  shrink  rapidly 
and  crenate.  A  mixture  of  fertilized  and  unfertilized  eggs  exhibits 
the  same  kind  of  contrast,  after  a  minute  or  two  in  the  solution,  as 
Arbacia  eggs.  This  contrast  is  most  striking  in  about  two  minutes; 
fertilized  eggs  also  sink  more  rapidly  in  the  solution  than  unfertilized 
eggs. 

Similar  experiments  with  a  concentrated  van't  Hoff's  solution 
(1.25m)  gave  the  same  result.  After  one  minute  in  this  solution  the 
fertilized  eggs  are  collapsed  and  crenated  and  smaller  in  diameter 
than  the  unfertilized  eggs  which  shrink  slowly  and  remain  round.  If 
such  mixed  eggs  are  returned  to  normal  sea-water,  after  four  or  five 
minutes'  exposure  to  the  hypertonic  solution,  the  fertilized  eggs  regain 
water  much  more  rapidly  and  within  a  minute  are  round  and  larger  than 

"  S«e  the  curve  repreMoting  the  average  rate  of  intake  of  water  by  theae  eggi 
in  hypotonic  sea-w&ter  on  p.  255  of  my  fonner  paper  (foe.  o'l.). 

>'  The  nverKB  diameter  of  IS  unfertjliied  Bchinaracbnius  eggs,  measured 
vitb  the  ocular  micrometer,  was  139.4^.    Arbacia  eggs  meaaure  about  Ji/i. 
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the  unfertilized  egge.  As  in  the  similar  experiment  with  Arbacia  eggs, 
this  difference  is  temporary  and  disappears  as  the  eggs  near  osmotic 
-  equihbrium.  Fertihzed  eggs  also  swell  more  rapidly  in  dilute  sea* 
water.  Experiments  with  artificially  activated  eggs  have  not  yet  been 
made. 

Starfish  eggs.  Experiments  with  starfish  eggs  have  been  few  in  num- 
ber as  yet,  but  a  brief  report  seems  desirable  since  an  entirely  different 
type  of  behavior  was  found.  These  e^s  are  usually  difficult  to  procure 
at  the  time  of  year  (late  August)  in  which  these  experiments  were  begun. 
Only  one  normal  lot  was  obtained  but  these  showed  in  hyperix>aic  sea- 
water  a  definite  behavior  which  is  undoubtedly  characteristic.  Un- 
fertilized mature  ^gs  were  found  to  shrink  in  concentrated  sea-water 
much  more  rapidly  than  the  eggs  of  either  Arbacia  or  Echinarachnius, 
and  fertilization  had  little  or  no  effect  upon  the  rate  or  character  of 
shrinkage.  It  was  also  found  that  fertilized  and  unfertilized  eggs 
swelled  in  dilute  sea-water  at  about  the  same  rate.  These  observations 
indicate  that  in  the  mature  unfertilized  starfish  egg  the  permeability 
to  water  is  already  relatively  high  and  undergoes  little  or  no  change  as 
a  result  of  fertilization.  Further  investigation  of  the  conditions  in 
these  eggs  is,  however,  desirable;  and  the  present  incomplete  results 
are  cited  chiefly  because  of  the  suggestive  parallel  which  they  show  to 
the  observations  of  Loeb  and  Wasteneys'*  upon  the  relative  rates  of 
oxidation  before  and  after  fertihzation.  In  the  starfish  ^g  these  in- 
vestigators found  no  significant  difference;  while  in  the  Arbacia  egg 
fertilization  increased  the  rate  of  oxygen-consumption  nearly  four- 
fold, i.e.,  to  about  the  same  degree  as  the  permeability  to  water.  The 
absence  of  increase  in  water-permeabibty  in  the  starfish  egg  has  prob- 
ably some  direct  relation  to  the  absence  of  increase  in  oxidations.  In 
both  species  of  eggs  the  rate  of  oxygen-consumption  appears  to  run 
parallel  with  the  permeability  to  water. 

III.    TIME-RELATIONS  OF  THE  INCREASE  OF  PERMEABILITY  IN  ARBACIA  EQQS 

The  change  of  permeability  following  fertilization  in  Arbacia  eggs 
is  not  sudden  or  rapid  but  begins  gradually  and  requires  a  considerable 
time — at  least  twenty  minutes  at  the  summer  temperature  of  the  sea- 
water  (20  to  22°) — to  reach  approximate  completion.  During  the 
first  few  minutes  after  insemination  the  eggs,  when  placed  in  hypertonic 

"J.  Loeb:  Artificial  partheDogeDeBis  aod  fertiluation,  U&iv.  of  Cfaioago 
PrasB,  1913,  chapter  11. 
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sea-water,  Bhrink  slowly  and  remain  round,  like  unfertilized  e^^.  Not 
until  five  or  six  minutes  have  elapsed  is  there  any  noticeable  increase 
in  the  permeability  to  water,  as  indicated  by  increased  rate  of  shrink- 
age; from  then  on  the  rate  becomes  by  degrees  more  and  more  rapid 
and  the  tendency  to  crenation  also  appears  and  increases  pari  passu 
with  the  rate  of  shrinkage.  Both  of  these  effects  are  clearly  expres- 
sions of  the  sam^  change  in  the  plasma-membrane.  In  about  twenty 
minutes  the  process  of  permeability-increase  is  nearly  complete;  but 
usually  a  test  with  hypertonic  sea-water  made  at  thirty  or  forty  minutes 
after  insemination  shows  a  distinctly  greater  rate  and  degree  of  collapse 
than  at  twenty  minutes,  indicating  that  the  membrane  continues  to 
change  slowly  for  some  time  afterwards.  The  condition  of  increased 
water-permeability  appears  to  remain  as  a  permanent  property  of  the 
developing  egg,  and  may  readily  be  demonstrated  in  the  two-cell  and 
four-cell  stage  in  the  intervals  between  cleavages;  such  eggs  collapse 
rapidly  and  crenate  in  the  same  manner  as  the  uncleaved  e^." 

The  general  course  of  the  process  can  best  be  indicated  by  the  de- 
scription of  a  typical  experiment  in  table  2.  This  summarizes  a  series 
of  observations  in  which  eggs  from  a  single  fertilized  lot  were  tested  in 
hypertonic  sea-water  (1  vol.  2.5m  van't  Hoff's  solution  plus  4  vols, 
sea-water)  at  successive  intervals  of  two  minutes  through  a  total 
period  of  sixteen  minutes,  beginning  immediately  after  insemination. 
Each  portion  of  eggs  was  examined  immediately  after  placing  in  the 
solution  and  again  later  after  nineteen  minutes  in  the  solution. 

Several  other  similar  series  gave  the  same  general  result.  It  will  be 
seen  that  the  differences  between  the  successive  members  of  such  a 
series  are  easily  appreciable  at  first,  but  become  less  so  later.  Appar- 
ently the  increase  of  permeability  begins  between  two  and  four  minutes 
after  insemination  and  is  in  greater  part  completed  during  the  next 
ten  minutes.  The  process  continues  long  after  the  complete  separa- 
tion of  the  fertilization-membrane  and  cannot  be  referred  directly  to 
the  formation  of  this  structure  or  to  any  changes  in  its  properties  after 
separation.  Heilbrunn  has  shown  that  the  fertilization-membrane 
undergoes  an  increase  of  permeability  to  salts  during  the  first  few 
minutes  after  separation;"*  but  its  prompt  collapse  in  sea-water  con- 

'*  Aeoordlng  to  J.  Gr&y  (personal  communication)  the  electrical  conduct ivit7 
of  Echinus  eggs  after  fertilisation  remains  permanently  great«r  than  that  of 
unfertilised  eggs  (c/.  my  recent  paper  on  the  present  subject,  this  Journal,  1917, 
xliii,  footnote  p.  44). 
'     "  Heilbrunn:  Biol.  Bull.,  1915,  xxix,  160. 
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tainitig  a  little  eKK-albumin  (whicli  raises  osmotic  pressure  very  slightly) 
shows  that  it  offers  only  a  negligible  resistance  to  the  passage  of  water. 
Moreover  this  change  of  permeability  is  completed  within  five  min- 
utes," i.e.,  at  a  time  when  the  permeability  of  the  egg  to  water  is  just 


3.  6m. 

4.  Sm. 

5.  lOm. 

«.  12m. 


FertilisatioD-merobranea  &re  well  separ&ted  in  all  eggs.  All  remain 
round  without  any  crenation  and  shrink  slowly.  At  19  miDut«a 
all  are  round,  sbrunkeD  and  creoated 

After  I  minute  nearly  all  eggs  are  round  and  not  evidently  shrunken, 
but  a  few  show  traces  of  crenation.  At  10  minutes  the  great  ma< 
jority  are  round  and  shrunken  with  smooth  contour 

At  30  seconds  all  eggs  are  round;  at  40  seconds  a  few  are  slightly 
crenated;  at  1  minute  most  are  moderately  crenated  but  some 
retnain  round.  At  19  minutes  most  eggs  are  again  round,  but  the 
contours  are  slightly  irregular  in  many 

Many  eggs  show  slight  crenation  by  30  seconds;  at  1  minute  all  are 
more  or  less  shrunken  and  crenated.  At  10  minutes  nearly  all 
show  a  slightly  crenated  or  wavy  contour;  a  few  are  round 

Most  eggs  show  slight  crenation  at  20  seconds,  well-marked  at  30 
seconde,  and  decided  at  45  seconds  and  1  minute.  At  19  minutes 
all  are  more  or  less  crenated  and  collapsed,  but  less  so  than  in  the 
later  members  of  the  series. 

Crenation  is  more  rapid  than  in  no.  5  and  all  eggs  are  well  collapsed 
at  1  minute.  At  19  minutes  the  degree  of  crenation  is  distinctly 
greater  than  in  no.  6,  and  the  eggs  are  collapsed  and  polygonal  in 

Crenation  is  rapid  and  pronounced  in  all  eggs,  more  so  than  in  no.  6. 
At  19  minutes  the  degree  of  collapse  and  irregularity  of  form 
appears  somewhat  greater  than  in  no.  6,  and  rounded  eggs  are 

Crenation  and  shrinkage  are  rapid  and  pronounced,  as  in  no.  7,  but 
with  no  evident  difference.    At  19  minutes  the  condition  is  the 


beginning  to  show  increase,  hence  it  cannot  be  regarded  as  afactor  of 
any  importance  in  the  above  effects.  There  seems  to  be  no  doubt  that 
a  prt^essive  change  in  the  osmotic  properties  of  the  semi-permeable 
surface-layer  of  the  egg-protoplasm  (the  plasma-membrane  proper)  is 

"  Heilbrunn:  (or.  nt.,  161. 
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chiefly  or  wholly  responsible  for  the  change  in  the  behavior  of  the  egg 
in  the  anisotonic  medium.  This  change  is  only  one  of  many  features 
in  the  complex  of  reactions  initiated  in  the  egg  by  the  entrance  of  the 
spermatozoon,  and  presumably  it  is  to  be  referred  to  some  special 
metaboUc  process  taking  place  in  the  surface-fihn.  It  >s  interesting  to 
note  that  the  period  of  permeability-increase  shows  a  general  corre- 
spondence in  its  time-relatione  with  the  period  of  increased  suacepti- 
bility  to  poisons  which,  as  shown  by  Lyon,**  immediately  succeeds 
fertilization.  At  this  time  there  appears  to  be  a  well-marked  increase 
in  the  general  rate  of  metabolism,  as  indicated  both  by  the  increased 
output  of  COtand  by  the  greater  susceptibiUty  to  cyanide;**  and  this 
increase  in  metabolism  is  probably  directly  connected  with  the  change 
in  the  properties  of  the  membrane. 

n.    INPLtlBNCE    or    EXTERNAL    CONDITIONS    ON   THE    CHANGE    OF 
PERMEABIUTT 

Experiments  on  the  influence  of  external  conditions  upon  the  change 
of  permeability  in  Arbacia  eggs  have  shown  that  the  process  is  not 
readily  afTected  by  increasing  the  calcium-content  of  the  sea-water  or 
by  low  concentrations  of  cyanide.  Since  these  conditions  both  inhibit 
cleavage,  a  further  indication  is  afforded  that  the  physical  or  metaboUc 
change  in  the  plasma-memlfrane  underlying  the  increase  of  permeability 
is  of  a  special  kind  and  different  from  that  associated  with  cytoplasmic 
division,  where  also  a  demonstrable  change  in  the  properties  of  the 
membrane  takef  place.'*  On  the  other  hand,  the  process  is  checked 
or  arrested  reversibly  by  higher  concentrations  of  cyanide  (ii/200  and 
above),  and  also  by  anaesthetics.  The  influence  of  temperature  has 
not  been  studied  as  yet. 

"  Lyon:  Thie  Jouroal.  1902.  vii,  66. 

"  For  increoaed  output  of  CO]  by  Arbacia  eggs  aft«r  fertiliiation  cf.  Lyoa: 
Thia  Journal,  1004,  u,  52.  The  work  of  Child,  in  collaboratioo  with  Tashiro, 
indicates  that  the  degree  of  susceptibiUty  of  cells  to  cyaoide  is  a  general  index 
of  the  rate  of  roetabotism  (as measured  by  output  of  CO,).  Cf.  Child:  Senescence 
and  rejuvenescence.  Univ.  of  Chicago  Press,  1915,  chapt«r  iti. 

"  During  the  formation  of  the  cleavage-furrow  the  plasma-membrane  loaea 
its  resistance  to  disruption  in  dilute  8ea-nat«r,  and  the  egga  then  rapidly  break 
down  in  thia  medium,  recovering  their  resistance  after  cleavage  ia  complete. 
There  is  no  such  decrease  in  the  resistance  to  osmotic  disruption  immediately 
after  fertiliiation — a  fact  indicating  that  the  change  then  taking  place  in  the 
plasma  membrane*is  of  a  different  kind  from  that  associated  with  cleavage.  Cf. 
Joum.  Exper.  Zoa\.,  1916,  xxi,  369;  see  386. 
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It  was  expected  that  a  decided  increase  in  the  calcium-content  of 
the  8ea-wat«r  would  retard  or  prevent  the  change  of  penneability,  but 
this  was  found  not  to  be  the  case.  E^^  placed,  two  minutes  after 
insemination,  in  a  mixture  of  equal  volume  iaotonic  CaCIt  (0.35m) 
and  sea-water  were  found  after  sixteen  minutes  in  this  solution  to  shrink 
and  crenate  promptly  in  hypertonic  sea-water,  showing  little  or  no 
difference  from  eggs  similarly  treated  after  an  equal  interval  in  normal 
sea-water.  The  change  of  permeability  thus  proceeds  at  an  unaltered 
rat«  in  the  presence  of  a  high  concentration  of  calcium. 

The  change  is  also  not  noticeably  influenced  by  low  concentrations 
of  KCN,  althou^  high  concentrations  are  effective.  Eggs  placed, 
two  minutes  after  insemination,  in  sea-water  containing  u/1000  ECK 
were  found  to  undergo  rapid  shrinkage  and  crenation  on  transfer  to 
hypertonic  sea<water  sixteen  minutes  later;  no  difference  from  the  con- 
trol could  be  seen.  For  the  complete  prevention  of  cleavage,  on  the 
other  hand,  u/8000  KCN  is  sufficient."  Experiments  with  higher 
concentrations  of  KCN  (m/800,  m/400,  m/200,  u/100)  gave  a  different 
result;  eggs  were  placed  in  these  solutions  two  or  three  minutes  after 
fertilization,  and  after  thirty  to  thirty-five  minutes  exposure  were 
examined  in  hypertonic  sea-water.  After  exposure  to  m/100  and  u/200 
KCN  shrinkage  was  gradual  and  only  a  small  proportion  of  e^;8  under* 
went  partial  crenation;  with  m/400  KCN  shrinkage  was  more  rapid 
and  considerable  crenation  took  place,  indicating  retardation  but  not 
entire  prevention  of  the  change  of  permeability;  while  with  u/800  KCN 
the  behavior  was  indistinguishable  from  the  control.  This  inhibiting 
action  of  cyanide  is  reversible;  eggs  replaced  in  normal  sea-water  after 
the  above  exposures  all  showed  thirty  minutes  later  the  typical  rapid 
shrinkage  and  crenation.  The  replaced  eggs  of  these  lots  left  undis- 
,  turbed  in  sea-water  almost  all  developed  to  larval  stages. 

Oi^anic  anaesthetics  readily  inhibit  the  increase  of  permeability 
and  the  effective  concentrations  were  found  for  the  most  part  similar 
to  those  required  for  the  prevention  of  cleavage  in  these  e^s,"  although 
in  several  instances  they  were  somewhat  higher.  Experiments  were 
made  with  chloral  hydrate,  chloroform,  methyl,  ethyl,  propyl,  isobutyl 
and  iso-amyl  alcohols,  ethyl  urethane  and  ethyl  ether.     In  all  cases 

"C/.  Journ.  Biol.  Chem..  1914,  xv»,  121;  see  137. 

"  Journ.  Biol.  Cbem.,  loc.  cit.  Similar  coucentratione  of  anaesthetic  inhibit 
membrane^onnation  and  activation  in  Arbacia  eggs  by  pure  isotonic  solutions 
of  neutral  salts  (cf.  Journ.  Exper.  ZooL,  1S14.  xiv,  591) ;  theynlso  retard  the  cy- 
tolytic action  of  such  solutions  on  unfertilised  eggs  (of.  this  Journal.  1912,  xu,  1) . 
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eggs  which  were  placed,  two  or  three  minutes  after  insemiDation,  in 
solutions  of  these  compounds  in  sea-water,  of  the  appropriate  concentra- 
tions, remained  in  the  characteristic  water-impermeable  and  slowly 
shrinking  condition  during  the  period  of  exposure  to  the  anaesthetic, 
or  underwent  only  slight  and  gradual  change.  On  return  to  normal 
sea-water  the  permeability-increasing  process  was  resumed  and  the 
eggs  continued  development,  nearly  all  reaching  larval  stages. 

The  following  description  of  experiments  with  solutions  of  chloral 
hydrate  in  sea-water  is  tj^ical  of  the  procedure  and  results  with  the 
above  anaesthetics.  The  concentrations  of  chloral  hydrate  employed 
were  0.3,  0.2  and  0.1  per  cent.  The  eggs  were  placed,  threeminutes 
after  insemination,  in  the  solutions,  and  left  for  thirty  to  thirty-five 
minutes;  they  were  then  transferred  directly  to  hypertonic  sea-water 
and  the  b^avior  was  observed.  In  0.3  per  cent  chloral  hydrate  the 
change  of  permeability  appeared  to  be  entirely  prevented;  one  and  a 
half  minutes  after  placing  in  the  hypertonic  sea-water  the  eggs  were 
still  round,  uncrenated  and  only  shghtly  shrunken;  ten  minutes  later 
shrinkage  was  well-marked  but  the  contour  remained  smooth,  as  in  the 
case  of  unfertilised  eggs.  Part  of  the  e^ga  were  then  transferred  from 
the  anae^hetic  solution  to  normal  sea-water  and  thirty  minutes  later 
the  reaction  to  hypertonic  sea-water  was  again  tested;  rapid  shrinkage 
and  crenation  were  then  found,  showing  that  the  process  of  permea- 
ability-increase  had  been  resumed  after  the  removal  of  the  anaesthetic. 
Eggs  that  were  left  undisturbed  in  normal  sea-water,  after  return  from 
the  anaesthetic  solution,  continued  development  and  the  great  majority 
formed  larvae.  Similar  results  were  obtained  with  0.2'per  cent  chloral 
hydrate,  but  with  the  0.1  per  cent  solution  the  increase  of  permeability, 
though  retarded,  was  not  entirely  prevented;  the  ^gs  shrank  in  the 
hypertonic  sea-water  more  slowly  than  the  control  unanaesthetized  eggs, 
but  more  rapidly  than  eggs  thatbad  been  treated  with  the  two  stronger 
solutions,  and  many  showed  partial  crenation.  The  concentrations 
required  for  complete  prevention  of  permeability-increase  are  thus 
higher  than  for  the  prevention  of  cleavage;  the  tatter  concentration  is 
about  0.1  per  cent  in  Arbacia  eggs. 

With  all  of  the  other  anaesthetics  results  of  a  similar  kind  were  ob- 
tained; the  change  of  permeability  was  either  prevented  or  markedly 
retarded  in  the  anaesthetic-containing  sea-water,  and  renewed  on 
return  to  normal  sea-water,  and  the  returned  eggs  continued  develop- 
ment, the  great  majority  forming  larvae.  In  most  cases  a  reversible 
arrest  or  a  marked  retardation  was  found  in  solutions  which  were  just 
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concentrated  enough  to  prevent  cleavage,  but  in  some  other  cases 
(ether,  amyl  alcohol)  somewhat  stronger  solutions  were  needed.  The 
following  table  gives  the  concentrations  of  the  solutions  in  which  in- 
crease of  water-permeability  is  completely  or  almost  completely  arrested 
without  injury  to  the  e^s.  The  concentrations  required  to  anaesthe- 
tize cleavage  are  also  given  for  comparison.  Solutions  only  slightly 
weaker  than  these  retard  without  preventing  the  process,  or  in  some 
cases  they  have  little  or  no  evident  action;  e.g.,  in  0.5  vol.  per  cent 
amyl  alcohol  or  1  vol.  per  cent  ether  the  increase  of  permeability  takes 
place  at  almost  the  normal  rate. 


roHClKMATlDH  PBBTBHTIHO 
CLSAVAOlO 

Chloral  hydrate 

ca.  0.2  per  cent 

0.1-0.2  per  cent 

Chlorofonn 

rt  saturated  (0.06  per  cent) 

Methyl  alcohol 

8  vol.  per  cent 

Ethyl  alcohol 

5  vol.  per  cent 

S  vol.  per  cent 

n-Propyl  alcohol 

2  vol.  per  cent  (effect  is  in- 

2  vol.  per  cent 

Isobutyl  alcohol 

1-lJ  vol.  per  cent 

0.8  vol.  per  cent  (for  n-butyl 
alcohol) 

i-Amyl  alcohol 

0.6  vol.  per  cent  (0.5  vol. 
per  cent  is  insufficient) 

ea.  0.4  vol.  per  cent 

Ethyl  urethano 

2  per  cent 

,  l.&-t.7S  per  cent 

Ethyl  ether 

1.2-1,4  vol.  per  cent  (1  vol. 
per  cent  is  inaufliciettt) 

0.5-0.6  vol.  per  cent 

The  general  correspondence  of  the  above  two  series  of  concentrations 
shows  that  the  process  determining  the  permeability-increase  of  fer- 
tilization is  anaesthetized  under  essentially  the  samf  conditions  as  that 
determining  cell-division.  In  both  cases  a  change  normally  taking 
place  in  the  physical  properties  of  the  protoplasmic  surface-lsyer — 
shown  by  increase  of  water-permeability  in  the  one  case,  and  by  loss  of 
resistance  to  osmotic  disruption  in  the  other — is  prevented.  The 
theory  that  anaesthetic  action  consists  essentially  in  a  modification  in 
the  state  of  the  "plasma-membrane" — the  general  name  for  the  water- 
insoluble  and  semi-permeable  surface-film  of  protoplasm — isthusfavored. 
It  should  however  also  be  noted  that  the  higher  concentrations  of  anaes- 
thetic required  to  arrest  the  former  process  in  several  instances,  as 
well  as  its  greater  resistance  to  cyanide,  indicate  that  the  underlying 

"  Journ.  Biol.  Chem.,  loc.  cit. 
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physico-chemical  conditions  are  not  identical  in  the  two  cases.**  Ap> 
parently  variations  in  the  penneabihty  and  other  properties  of  the 
plasma-membrane  may  take  place  as  the  result  of  more  than  one  kind 
of  change  in  this  structure. 

In  general  anaesthesia  appears  to  be  associated  with  an  increased 
stability  of  the  plasma-membrane  and  a  correspondingly  increased 
resistance  to  change  of  permeability  and  hence  of  electrical  polariza- 
tion.** The  membrane  preserves  its  semi-permeability  under  conditions 
which  in  the  unanaesthctized  cell  cause  temporary  or  permanent  loss 
of  this  property;  hence  the  greater  resistance  to  certain  forms  of  cyto- 
lytic action  as  well  as  the  lack  of  response  to  stimulation.*"  There  may 
also  be  an  actual  decrease  in  the  normal  resting  permeability  of  the 
cell;  this  has  been  observed  in  several  cases;  for  example,  the  electrical 
conductivity  of  plant-cells  may  be  decreased  by  13  per  cent  during 
anaesthesia,  as  observed  by  Osterhout  in  Laminaria."  I  have  also 
found  that  after  the  normal  increase  of  permeability  to  water  is  com- 
pleted in  fertilized  Arbacia  eggs,  it  is  possible  to  cause  a  return  toward 
a  condition  of  decreased  permeability  by  exposure  to  the  above  solu- 
tions of  anaesthetics.  This  is  shown  by  the  following  experiments. 
The  eggs  were  placed,  about  thirty  minutes  after  fertilization,  in  the 
anaesthetic-containing  sea-water,  and  after  remaining  in  this  solution 
for  twenty  to  thirty  minutes  the  osmotic  behavior  in  hypertonic  sea- 
water  (l  vol.  2.5m  van't  Hoflf's  sol,  plus  4  vols,  sea-water  containing 
the  same  anaesthetic  in  the  same  concentration)  was  tested  in  the 
usual  manner.  The  following  table  summarizes  the  results  of  several 
oltservations  with  each  anaesthetic. 

These  observations  show  that  the  abstraction  of  water  from  fertilized 
^■ggs  by  hypertonic  gca-water  is  definitely  retarded  after  exposure  to 
nearly  every  one  of  the  above  anaesthetic  solutions,  in  some  cases 
markedly,  in  others  comparatively  slightly.  Cyanide  proved  ineffec- 
tive. The  greatest  pormoabiiity-decreasing  action  was  shown  by  ethyl 
urethnne;  eggs  treated  with  this  compound  remain  round  and  uncre- 
natod  for  several  minutes  after  placing  in  the  hypertonic  sea-water,  and 

"  C/.  footnote  24. 

"  The  evidence  for  this  general  theory  ia  siunmarized  and  discussed  in  my 
article  on  "The  theory  of  anaesthesia:"  American  Yearbook  of  Anaesthesia, 
1916;  also  in  lliol.  Bull.,  1910,  xxx,  311. 

'"  ('/.  (he  gcncrul  article  just  cited;  Biol,  Bull.,  pp.  356.  ^tq.  also  footnote  26 

"Osterhout:  Science,  N.  S.,  1913,  Jtnnvii,  111. 
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TABLE  4 


1.  KCN,  m/200 

2.  Chloral    hydrate 

(a)  0.3  per  cent 


(b)  0.16  per  cent 

3.  Chloroform  |  and 

^  eatu  rated* 

4.  Methyl  alcohol  8 

vol.  per  cent 

5.  Ethyl    alcohol    5 

vol.  per  cent 

6.  Propyl  alcohol  2 

vol.  per  cent 

7.  Isobutyl  alcohol 

(a)  1.4  vol.   per 

cent 

(b  ftnd  c)  1  and 
1.2  vol.  per 

8.  i-Amyl  alcohol 

^a)  0.6  vol.    per 
cent 

(b)  0.5  vol,    per 

g.  Ethyl  urethane  2 
per  cent 

10.  Ethyl  ether  from 
1.2  to  0,5  vol, 
per  cent 


Rapid  shrinkage  and  crenation  as  in  the  control 

Distinct  decrease  in  the  rate  of  shrinkage.  After  2  min- 
utes in  hypertonic  sea-water  the  egga  remain  almost 
round  and  ore  much  less  shrunken  than  in  the  un- 
treated eggs  of  the  control,  which  are  all  typically 
shrunken  and  collapsed  in  lees  than  1  minute 

Some  retardation  of  shrinkage  but  much  less  than  in  (a) 

Here  there  was  no  evident  effect 

Crenation  and  shrinkage  are  decidedly  retarded;  moat 
eggs  remain  round  and  relatively  slightly  shruokea 
after  2  minutes  in  the  hypertonic  sea-water 

Also  distinct  retardation  of  shrinkage;  after  1  minute 
crenation  is  slight  and  many  eggs  are  still  round 

Shrinkage  and  crenation  are  retarded,  but  not  markedly; 
after  1  minute  the  eggs  are  slightly  or  moderately 
crenated 

Shrinkage  and  crenation  are  distinctly  retarded;  after 
1  minute  many  eggs  remain  round  and  only  slightly 
shrunken;  others  are  more  shrunken  and  slightly  or 
moderately  crenated 

Also  some  evident  retardation  but  less  than  in  (a). 


Shrinkage  and  crenation  are  somewhat  retarded  but 

not  markedly 
No  evident  retardation  in  this  solution 

Rate  of  shrinkage  is  greatly  decreased;  after  1  minute 

in  the  hypertonic  sea-water  all  eggs  remain  round  and 

uncrenated 
ScHne  slight  retardation  was  observed  in  the  1.2  per  cent 

solution;  in  the  weaker  solutions  (1.0,  0.8, 0.75,0.5  vol. 

per  cent)  there  was  no  evident  effect 


later,  after  shrinkage  is  completed,  exhibit  only  alight  crenation.  In 
fertilized  eggs  thus  completely  anaesthetized  the  plaania-membrane 
resembles  that  of  unfertilized  ^gs  in  its  general  properties  although 
the  tiegree  of  impermeability  is  not  so  great.  Chloral  hydrate  and  the 
alcohols  also  cause  well-marked  decrease  of  permeability  to  water,  but 
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with  ether  and  chloroform  the  effect  was  slight  or  lacking.  In  all  cases 
thp  reversibility  of  the  change  induced  by  the  anaesthetic  was  proved 
by  subjecting  the  e^s  to  a  second  osmotic  test  about  twenty  minutes 
after  returning  to  sea-water;  the  tested  eggs  then  showed  the  typical 
rapid  collapse  and  crenation,  and  eggs  left  undisturbed  after  the  return 
to  sea-water  continued  their  development  to  larval  stages. 

It  is  clear  that  the  anaesthetic  modifies  the  permeability  of  the 
membrane  to  water  as  well  as  its  general  stability  or  resistance  to  altera- 
tion." Just  how  this  effect  is  produced  remains  for  the  present  prob- 
lematical. The  anaesthetic  may  promote  the  continuity  of  the  non- 
aqueous or  lipoid  phase  of  the  protoplasmic  emulsion  at  the  boundary- 
surface  of  the  cell,  possibly  in  the  manner  suggested  by  Clowes;**  or 
it  is  possible  that  by  dissolving  in  this  phase  it  may  increase  the  relative 
volume  occupied  by  the  colloidal  particles  of  lipoid  and  hence  decrease 
the  relative  volume  of  the  aqueous  phase  of  the  emulsion,  thus  making 
the  latter  a  more  effective  barrier  to  the  passage  of  water  (and  presum- 
ably to  water-soluble  substances  also).  In  all  probability  the  total 
effect  depends  upon  a  combination  of  several  distinct  actions,  in  which 
metabohc  factors  also  enter.  The  plaama-roembrane  is  undoubtedly 
the  seat  of  an  active  metabolism  of  an  oxidative  type,  and  substances 
produced,  altered  or  destroyed  in  this  metabolism  must  influence  its 
physical  and  other  properties. 


1.  Fertilized  eggs  of  Arbacia  and  Echinarachnius  shrink  rapidly  and 
undergo  crenation  in  hypertonic  sea-water  or  van't  Hoff's  solution 
(of  30  to  40  atmospheres  O.P.);  imfertilized  eggs  shrink  slowly  in  the 
same  solutions  and  remain  round.  The  relative  rates  of  swelling  in 
dilute  sea-water  are  similar.  Fertilization  thus  results  in  a  marked' 
increase  in  the  permeability  of  the  plasma-membrane  (the  semi-per- 
meable surface-layer  of  protoplasm)  to  water. 

2.  Artificial  formation  of  fertilization-membranes  by  butyric  acid 
causes  similar  though  more  variable  effects  in  Arbacia  e^s.    Eggs  with 

"  It  hu  l>een  mentioned  that  anacsthetiaed  uncleaved  eggs  show  greater 
reeietBDce  than  normal  cgffi  to  the  penneability-increasing  actfon  of  pure  iaotonic 
aalt-aolutions;  this  fact  exploina  why  the  activating  eflect  of  such  solutions  is 
prevented  by  anaesthetics,  since  activation  involves  increase  of  permeability: 
similarly  with  the  inhibiting  nction  of  anaesthetics  on  cleavage  which  also  is 
associated  with  a  change  in  the  plaama-membrane. 

"  Clowes:  Journ.  Phys.  Ohem.,  1916,  xx,  407. 
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well-separated  membrane  exhibit  a  well-marked  increase  of  permeabil- 
ity like  that  of  sperm-fertilized  eggs;  when  membrane-formation  is 
imperfect  or  lacking  the  increase  of  permeability  is  less  marked  or  may 
not  be  evident. 

3.  The  change  of  permeability  is  a  gradual  process,  beginning  be- 
tween two  and  four  minutes  after  insemination  and  reaching  an  approxi- 
mate final  stage  in  about  twenty  minutes  (at  20  to  22°), 

4.  The  change  of  permeability  is  arrested  or  retarded  reversibly 
by  potassium  cyanide  in  concentrations  of  m/100  to  m/400;  concentra- 
tions of  m/800  and  lower  are  ineffective.  This  change  is  much  more 
resistant  to  cyanide  than  cleavage. 

5.  Anaesthetics  (chloral  hydrate,  alcohols,  urethane,  ether)  also  pre- 
vent the  increase  of  permeability,  in  concentrations  which  are  similar 
to  but  in  some  cases  higher  than  the  concentrations  arresting  cleavage 
in  the  same  eggs.  The  effect  is  readily  reversible.  A  direct  influence 
of  anaesthetics  upon  the  permeability-  to  water  is  thus  demonstra- 
ble. Eggs  which  have  undergone  the  normal  increase  of  [)ermeability 
following  fertiUzation  also  show  a  reversible  decrease  of  permeability 
to  water  in  solutions  of  certain  anaesthetics  (chloral  hydrate,  alcohols, 
urethane). 
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INTHODUCTION 

Although  much  is  known  regarding  the  conditions  under  which 
growth  may  be  retarded  or  promoted,  the  food  consumption  in  relation 
to  growth  has  not  been  studied  extensively.  For  this  reason  it  was 
thought  that  an  investigation  of  the  economy  of  food  in  alternating 
periods  of  growth  and  suppression  of  growth  in  an  animal  for  which 
the  diet  could  be  controlled  with  accuracy  would  prove  to  be  of  value. 
The  white  mouse  was  chosen  for  study  in  the  presenj,  research.  It 
was  planned  to  make  the  comparative  food  intake  during  normal,  sup- 
pressed and  accelerated  growth  the  basis  for  a  consideration  of  the 
economy  of  food  in  growth  as  a  contribution  to  some  of  the  problems 
of  animal  production.  Statistics  are  herewith  offered  for  the  average 
daily  food  requirement,  together  with  the  curves  of  normal  growth 
for  both  male  and  female  mice  from  the  age  of  weaning,  22  days,  to  the 
^e  at  which  average  adult  weight  is  reached,  62  days.  The  food 
consumption  per  day  of  normally  growing  mice  has  been  estimated  for 
varying  body  weights  of  from  7  to  25  grams.  The  daily  food  require- 
ment for  maintaining  body  weight  both  in  an  initial  suppression  and  in 
repeated  suppressions  of  growth  has  been  compared  with  that  for 
normal  growth.  The  total  food  required  to  complete  growth  during 
a  period  of  refeeding  after  suppression  of  growth  has  been  compared 
with  the  food  consumption  of  controls  making  the  same  growth  from 

'  Thia  study  was  aided  by  a  grant  from  the  Eliiabeth  Thompson  Science  Fund. 
The  data  are  taken  from  the  dissertation  presented  by  Helen  B.  Thompaoo  for 
the  decree  of  Ph.D.,  Yale  University,  1917. 
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the  same  initial  weight.  The  total  food  consumed  during  the  period 
of  suppression  of  growth  and  the  following  period  of  refeeding  has  also 
been  compared  with  the  total  consumption  of  the  control  animals  for 
an  equal  number  of  days  at  corresponding  ages. 

It  was  hoped  by  the  study  indicated  above  to  test  the  following  points: 
the  relation  of  the  food  intake  to  normal  growth  at  different  ages  and 
at  varying  body  weights;  the  food  requirement  per  day  in  suppressed 
growth  for  varying  periods  and  for  successive  suppressions;  the  economy 
of  food  in  accelerated  growth;  the  cost,  in  total  food,  of  maintenance 
and  growth  when  growth  is  completed  after  one  or  more  suppressions. 

PLAN    OF   INVESTIGATION 

The  mice  were  placed,  when  20  to  22  days  of  age,  in  individual  cages 
made  of  galvanized  wire  cloth.  Absorbent  paper  covered  with  a  mat 
of  galvanized  fly  screen  wire  was  used  to  line  the  bottom  of  the  cage. 
The  entire  cage  was  cleaned  at  least  once  a  week.  Every  day,  while 
each  mouse  was  being  weighed  before  feeding,  its  cage  was  taken  apart 
and  the  uneaten  food  collected,  the  feces  removed  and  clean  paper 
supplied  if  needed.  Food  and  water  cups  were  sterilized  by  boiling 
twice  a  week.     Water  cups  were  washed  every  day. 

As  a  fairly  high  uniform  temperature  has  been  shown  to  be  important 
in  maintaining  underfed  animals  in  good  health,  the  room  temperature 
was  kept  day  and  night  between  70°  and  85T. 

The  food  was  made  up  from  the  formula  employed  by  Wheeler  ('13) 
and  later  by  Judson  ('16).'  This  ration  was  selected  because  it  had 
been  demonstrated  by  Osborne  and  Mendel  in  feeding  rats  that  a  paste 
is  desirable  from  the  standpoint  of  economy  in  handling.  It  was 
essential  to  have  a  food  that  could  be  easily  weighed  out  and  from 
which  refuse  and  scattered  remnants  could  be  accurately  collected. 

The  food  was  made  up  as  follows; 

Skimmed  milk  powder 20 

Casein .' 24 

Starch 20 


'  Dissertation  presented  by  S.  E.  Judson  for  the  degree  of  Ph.D.,  Yale  Uni- 
veraity,  1916.    See  Mendel  and  Judson:  Proceedings  of  the  National  Academr 
es,  1016,  ii,  692. 


d  by  Google 


FEEDING   EXPERIUENTS  WITH  ALBINO  MOUSE  433 

Sftit  mixture' 4 

Butter  f»t 32 

By  analysis  of  a  mixed  sample  of  food  prepared  at  several  different 
times  the  composition  was  found  to  be: 

Prot«iii  (N  X  6.26) 31 .0 

Fat  (ether  ertrsct) 29.9 

Carbohydrat* 30. 1 

Aeh 4.6 

Water 4.5 

Food  was  mixed  fresh  two  or  three  times  a  week  in  quantities  of  300 
to  400  grams.  It  kept  well  without  apparent  fermentation  or  mold 
formation.  Daily  rations  were  weighed  in  grams  and  tenth  grams; 
residues  in  milligrams. 

In  the  early  experiments  it  was  noticed  that  a  number  of  the  mice 
ate  irregufarly  and  grew  slowly.  Those  that  did  eat  regularly  grew  at 
the  rate  described  by  Judson.  As  abnormally  slow  growth  may  indi- 
cate a  low  plane  of  nutrition  brought  about  through  failure  of  appetite 
as  well  as  a  deficiency  in  any  food  constituent,  a  source  of  vitamine  in 
the  form  of  2  per  cent  of  yeast  was  added  to  the  diet  without  otherwise 
modifying  the  food  mixture.  This  change  was  made  for  both  the  con- 
trol mice  and  those  maintained  at  constant  weight.  All  animals  ate 
much  more  regularly  after  the  inclusion  of  yeast  in  the  diet. 

The  yeast  was  "Torula"  from  the  Hinckcl  Brewery  Company,  Al- 
bany, N.  Y.,  which  states  that  "ToruTa''  contains  on  an  average: 

Crude  protein 46.6 

Fat 0.6 

Carbobydrstea 32.3 

Fiber 6.8 

A8h 6.6 

Water 8.2 

With  2  grams  of  yeast  added  to  100  grams  of  food  the  estimated  com- 
position of  the  mixture  then  became : 

*  Rdhmaim'a  ealt  mixture.  fniu 

Ca,(PO,), 10 

KiHPO, 37 

NaCl SO 

Na^itrate 16 

Mg-citrat« 8 

Fe-citral« 2 

Ca-citraU 8 

(From  Osborne  and  Mendel:  Camegi*  loat.  of  Waahiogton,  1911, Publ.  I66t 
1.32.) 
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Proteiu 3!  3 

Fat 29.3 

Carbohydrate 30.2 

Ash 4.6 

Water 4.6 

The  energy  value  of  the  food  calculated  from  the  usual  factors  is 
approximately  5.1  Calories  per  gram. 

Mice  at  the  age  of  22  days  range  from  8  to  12  grams  in  body  weight. 
Litters  and  groups  for  the  same  experiment  were  selected  to  start  at 
approximately  the  same  age  with  no  greater  variation  in  size  than  would 
be  encountered  in  a  single  litter.  In  most  cases  the  experiment  was 
closed  for  the  group  when,  after  refeeding,  a  majority  of  the  males  had 
grown  to  the  weight  of  20  to  21  grams  and  the  females  to  18  to  19 
grams,  corresponding  to  the  weights  of  the  control  animala^t  45  to  50 
days  of  ago.  The  control  animals  were  kept  for  comparison  even  after 
their  weights  were  fairly  constant.  Data  from  all  suppression  tests  have 
been  included  in  the  averages  for  maintenance,  as  stunted  mice  that 
did  not  respond  to  fefeeding  seemed  able  to  maintain  their  weight  on 
about  the  same  amount  of  food  as  the  other  mice.  Averages  for 
renewed  growth  after  suppression  were  computed  for  groups  showing 
similar  rates  of  acceleration.  Slowly  growing  mice  were  included  in 
the  control  curves,  as  in  this  case  it  was  desirable  to  report  averages 
from  large  numbers  of  unlike  rates  of  growth. 

NORMAL  GROWTH  ANO  DAILY  POOD  CONSUMPTION  OP  ALBINO  UICB  FBOH 
THE   AOEB   OF   22   TO    62    DAYS 

White  mice  reach  sexual  maturity  and  adult  proportions  in  form  at 
the  age  of  about  two  months.  The  period  following  this  age  is  one  of 
very  slow  growth  requiring,  according  to  Judson,  at  least  40  days  to 
make  a  gain  of  only  2.5  grams  in  weight.  For  this  reason  it  was  decided 
to  include  in  these  studies  the  normal  growth  curve  to  the  62d  day 
only.  The  number  of  animals  kept  beyond  the  54th  day  is  rather  small, 
but  those  that  were  allowed  to  live  maintained  average  weight  for  80 
days  or  longer. 

The  body  weights  for  all  males  included  in  the  averages  from  which 
the  curve  was  drawn  are  recorded  in  table  1,  those  for  females  in 
table  2.  Mice  66,  87  and  102  made  very  unusual  growths,  but  any 
increment  which  their  weights  might  give  to  the  averages  are  fully 
offset  by  the  slowly  growing  mice  4,  7  and  36.     The  resulting  curve  is 
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TABLE  I 
Body  laeight  at  age  indicated  in  dayt.     Afalet 


HOUM 

NUIfBEII 

M 

w 

» 

i2 

34 

St 

41 

»    1    H 

«2 

70 

4 

7 
19 
28 
3S 
49 
57 
66 
73 
80 
87 
102 
113 
116 
117 

8  6 
7.9 

134 

10  0 
7,0 

11,0 

11  7 
90 
9.1 

10,2 
11.2 
10.0 
100 

9  3 
10,6 

imiiu 
10  0 
100 
14  0 

12  3 
9,7 

13,5 
13,7 

13  5 
12  6 
14.0 
15,1 
108 
12.6 
11.5 
129 

12 
11 
15 
15 
9 
15 
15 
16 
15 
16 
IS 
14 
13 
13 
15 

9 
S 
6 
4 
3 

136 
13.7 
17.9 
17,2 
9,9 
169 
16  2 
18.5 
17.9 
17.9 
2ff,7 
17.9 
159 
156 
17,0 

14  5 
14  2 
18  5 
17.5 
11  0 
17,5 
17.6 
20.2 
19.0 
184 
23.2 
20.3 
17.9 
17.0 
17.3 

16.5 
16.0 
19  5 
19.7 
13  3 
196 
18.0 

19.0 
19,5 

25,7 
24.5 
21.0 
18.7 
19.5 

17.5 
17.3 
206 
20.6 
169 
20.4 
17.3 

19  9 
20,3 
26.4 
26.4 
22.3 
20,0 
205 

mm' 

18.6 
21,2 

21.3 
19.2 

18.0 

20.5 

27.1 
27.0 
21.4 
21,0 

21,4 

tramt 
18,1 
22.7 

21  0 

27.2 
21.7 

24  0 
209 

24  0 

Average. . 

9  9 

12.4 

14  7 

164 

17,6 

19.5 

205 

21.5 

22.1 

224 

24.0 

TABLE! 

Body  aeigkl  at  age  indicated  in  days.    Femalea 


uoxmt 

*oi  1 

o«. 

"""■" 

» 

.M 

» 

31 

M 

» 

43 

M 

M 

M 

TO 

5 
12 

22 
43 
47 
56 
58 
60 
69 
04 
111 

tramt 

8.4 
8.5 

10.0 

80 
10.0 

9.6 
100 

80 
10  3 
10  7 

9.5 

10. 0 
11,0 

15.0 
10.5 

13  6 
100 
13  0 
13.3 
11,5 

11,5 

13  0 

16  1 
12.1 
15  3 
13.6 
14,6 
11.6 
15  0 

14  9 
12.9 

13  0 

14  2 

173 
14.7 
■16.1 
14,4 
150 
120 

15:3 

14  0 

14  0 
15,0 

17,1 
16  1 
175 

15  1 

16  0 
13  2 
18  7 

17  9 
15  1 

15  2 
160 

18,4 
18.5 

18  2 
17.5 
16.7 
14  7 

19  7 
18.2 
16.0 

i 

192 
19.5 
1»,0 
17  9 

,7.1 

16.0 
17.1 

19.8 
20.3 
20.1 

18,7 
17.0 
16.3 

19-7 

16.5 

17.7 

20.1 

20,1 
18.9 
18.2 
168 

19-9 

18.8 

19.7 
17.8 

20.2 

Average... 

9.4'   12  2 

137 

15.1 

16  0 

17,2 

ISO 

■8  3 

18  5 

18.8 

20  3 
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about  what  it  would  be  if  both  extremes  of  weight  were  excluded.  The 
weights  of  the  females  did  not  show  such  wide  variations  but  the 
average  curve  for  this  group  departs  more  from  Judson'a  curve  than 
does  that  of  the  group  of  males. 

The  body  weights  for  the  normal  curves  which  Judson  discussed  are 
given  in  table  3.  The  average  weights  for  the  fifteen  males  and  eleven 
females  grown  as  controls  in  the  present  experiment  are  given  for  cor- 
responding days  and  for  convenient  dates  between  in  order  to  describe 
curves  that  show  their  degree  of  regularity.  The  differences  in  the 
curves  are  apparent  in  chart  I. 

TABLE  3 


•oor  wnoRia 

*""— « 

UalH 

Fvnalo 

Judwn 

Thomp«; 

Judmn 

Thomp™ 

itf 

gram. 

irrami 

gr«m< 

gnm. 

1.5 

1.5 

1,5 

1.5 

5 

3.0 

3.3 

3,0 

3.3 

12 

6.0 

6.7 

e.o 

6.7 

22 

9.0 

9  9 

8.2 

9.4 

26 

12.0 

12  4 

10.0 

12,2 

29 

14,7 

13-7 

82 

15.0 

16.4 

12.8 

15.1 

34 

17.6 

16.0 

39 

18.0 

19.5 

15.0 

17.2 

43 

20.5 

18.0 

50 

21  0 

21.5 

17.0. 

18.3 

54 

22.1 

18-5 

62 

22.4 

IS-S 

80 

24.0 

24.0 

20.6 

20.2 

100 

25.0 

21.5 

Up  to  the  26th  day  the  actual  gain  per  day  is  the  same  for  males  and 
females.  After  this  date  the  females  gain  'on  an  average  of  0.5  gram 
per  day  until  the  34th  day,  when  they  drop  to  a  lower  rate.  The  males 
continue  to  add  an  increment  of  from  0.5  to  0.8  gram  per  day  to  their 
weight  until  about  the  40th  day  of  life.  The  rate  of  increase  in  body 
weight  over  the  preceding  day,  for  females,  declines  from  3  per  cent  on 
the  32d  day  to  2  per  cent  on  the  40th  day  and  to  0.3  per  cent  on  the 
62d  day.  The  males  grow  at  the  rate  of  4  per  cent  on  the  32d  day, 
2  per  cent  on  the  40th  day,  and  0.5  per  cent  on  the  62d  day. 

Food  conaicmption  in  relation  to  body  weight.     Males  weighing  from  9 
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to  13  grams,  at  22  to  26  days  of  age,  eat  more  per  gram  body  weight  than 
do  the  females,  but  there  is  the  same  rate  of  increase  in  body  weight  for 
both.  After  the  26th  day  the  males  continue  to  grow  at  the  same  rate 
until  about  the  40th  day.  The  females  change  to  a  slower  rate.  This 
change  occurs  at  the  time  that  a  slight  reduction  in  the  food  consumption 
per  gram  body  weight  takes  place.  From  the  26th  day  on  the  males 
have  a  larger  daily  food  consumption  but  the  food  per  gram  body  weight 


Chart  I.    Curve  of  nona&l  grawth  and  average  daily  food  consunptiOD. 
(I)  Males  (15  animals);  (2)  females  (11  animals).    Judsoo,  -.•.-.- Thorn p- 


averages  the  same  for  both  sexes  until  about  the  40th  day.  After  the 
40th  day  the  consumption  per  gram  body  weight  of  the  males  is  from 
0.1  to  0.2  gram  in  excess  of  that  of  the  females.  This  shghtexcess 
furnishes  the  material  for  continuing  growth,  at  the  rate  indicated  by 
the  curve,  until  about  the  60th  day.  From  the  60th  day  of  hfe  the  curve 
for  the  males  flattens  and  growth  proceeds  at  the  slower  rate  assumed 
by  the  females  as  early  as  the  40th  day. 
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.  Tabic  4,  giving  maximum,  minimum  and  averago  food  consumption 
per  day  of  normally  growing  mice  from  the  ages  of  22  to  62  days,  and 
table  5,  showing  the  food  consumption  per  day  at  varying  body  weights, 
follow. 

FOOD  REQUIREMENT  IN  VARYING  PERIODS  OF  aUPPRESSION  OF  GROWTH 

The  methods  for  suppressing  growth  applied  by  Riihmann  {'08), 
Waters  ('08),  Aron  {'10),  Osborne  and  Mendel  ('11-'17),  Wheeler* 
{'13),  Jackson  ('15),  Judson  ('16)  and  Stewart  ('16)  include  the  use  of 
quahtatively  inadequate  proteins,  exclusion  of  vitamines  and  limitation 
of  the  protein  or  salts,  as  well  as  quantitative  restrictions  of  the  daily 
intake  of  an  otherwise  suitable  ration.  Osborne  and  Mendel  have  found 
that  the  growth  of  rats  may  be  arrested  by  the  withdrawal  of  lysine 
from  the  diet  and  by  the  use  of  proteins  containing  less  than  the  mini- 
mum requirement  of  cystine.  The  possibility  of  controlling  growth 
by  the  exclusion  of  the  so-called  vitamins  has  been  demonstrated 
by  the  investigations  of  Hopkins  {'12),  Funk  ('12),  McCoUum  and  Davis 
(*13-'15),  Osborne  and  Mendel  {'13)  and  their  coworkers.  The  pro- 
tein requirement  from  a  quantitative  standpoint  has  been  studied  by 
McCollum  and  Davis  ('15)  and  by  Osborne  and  Mendel  ('15)  in  experi- 
ments upon  rats.  The  value  of  different  proteins  in  the  growth  of  mice 
has  been  investigated  by  Rohmann  ('08)  and  by  Wheeler  ('13).  From 
these  studies  it  has  been  possible  to  formulate  dietaries  containing  pro- 
tein limited  to  the  amount  which  will  provide  for  maintenance  but 
suspend  growth  for  an  indefinite  period.  It  is  recognized  at  present 
that  normal  growth  is  not  only  dependent  upon  a  wide  distribution  of 
inorganic  salts  but  that  in  animal  nutrition  as  well  as  in  plant  the  "law 
of  minimum"  applies.  McCollum  and  Davis  ('12-'15)  and  Osborne 
and  Mendel  ('13)  have  shown  that  the  growth  of  rats  may  be  checked 
by  a  limitation  of  the  salts.  Judson  ('16)  used  this  method  successfully 
in  suppressing  the  growth  of  mice. 

Statistics  of  daily  food  consumption  for  mice  held  at  constant  body  weights 
for  5,  9,  18  and  27  days  respectively.  The  tests  of  food  consumption  in 
suppressed  growth  began  with  mice  at  20  to  23  days  of  age.  One  litter 
of  eleven  was  taken  from  the  mother  at  the  end  of  two  weeks  and  fed 
on  milk  and  the  experimental  food  until  30  days  old.  As  they  had  at 
that  time  barely  reached  the  average  size  of  the  22-day-old  mice,  they 
were  started  upon  suppression  tests.  Their  subsequent  growth  proved 
that  they  were  developing  at  the  normal  rate  for  their  size  rather  than 
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TABLE  4 
Food  consumption  per  day  of  normally  growing  n 


agea.    Age  $t-6t 


.^.. 

r«..L« 

.0. 

Number 
■ni  nulla 

Food«.t.» 

Numbm- 
•nimali 

FoodesUn 

Huimu 

Umimum 

Avente 

Mai-mum 

MLolmum 

AVB»^ 

i«»> 

ttam. 

«nn< 

tnm. 

enmt 

tram. 

■  trtmt 

22 

9 

1.5 

0.6 

1.2 

3 

1.4 

1.1 

1.3 

23 

12 

2.2 

1.0 

1-5 

9 

2.2 

0.9 

1.3 

24 

14 

2,5 

1.0 

1.7 

11 

2.3 

0.8 

1.6 

25 

14 

2  4 

1,0 

1.7~ 

U 

2.6 

0.9 

1.6 

26 

14 

3  1 

1.1 

2.0 

11 

2.2 

0.8 

1.7 

27 

14 

2.8 

1.3 

20 

11 

2,5 

0.8 

1-8 

28 

14 

2.6 

0.8 

1.9 

11 

2.4 

1.9 

29 

14 

2.5 

I-O 

1.9 

11 

2.7 

2.1 

30 

IS 

3.0 

1-3 

2,1 

11 

2.5 

2.2 

31 

15 

3.0 

14 

2,1 

11 

2.9 

2,2 

32 

15 

3.2 

1.2 

2.3 

11 

3  1 

2.4 

33 

IS 

3.5 

15 

2.2 

11 

3  1 

2.1 

34 

14 

3.3 

1.6 

2.4 

11 

2  8 

2-1 

35 

14 

2.6 

1.6 

2,1 

11 

2.9 

2-1 

36 

14 

3.1 

1.6 

2.3 

11 

2.5 

2-1 

37 

14 

3.1 

1.2 

2.2 

11 

2.7 

2.3 

3S 

14 

3.1 

2,0 

2.3 

11 

2.6 

2.3 

39 

14 

29 

1.3 

2.2 

11 

3,1 

2.2 

40 

14 

3.2 

1.7 

2,2 

11 

2.4 

2.0 

41 

14 

3.0 

0.9 

22 

11 

2.3 

2.0 

42 

13 

2.6 

1.6 

2.1 

n 

2.5 

2.1 

43 

12 

2.7 

1.6 

2-1 

10 

2.6 

2.0 

44 

11 

2.4 

1,3 

2,0 

10 

2.7 

1.9 

45 

11 

2.6 

1.3 

2-1 

10 

3.0 

2.1 

4fl 

11 

28 

2.0 

2.3, 

10 

3.0 

2.1 

47 

U 

28 

1.7 

2.1 

10 

2.8 

2.0 

'48 

10 

3  1 

16 

2.4 

10 

2.1 

1.8 

49 

10 

2  7 

1.7 

2.2 

10 

2.6 

1,9 

M 

10 

2,6 

1.5 

2.2 

10 

2-7 

2.0 

61 

7 

2.7 

1.5 

2.2 

2.3 

1.9 

52 

6 

2-7 

1.4 

2.1 

2-3 

1.9 

53 

6 

2.6 

1.1 

2.1 

2,2 

1.7 

54 

4 

2.5 

1.7 

2.2 

2,2 

1.8 

55 

4 

2.2 

1,6 

1.9 

2.2 

1,8 

56 

4 

2.6 

1.2 

2,0 

2.3 

1.9 

57 

3 

2  3 

1.3 

1.9 

2.1 

1.9 

58 

3 

2,4 

2.0 

2.2 

2,4 

1.9 

59 

3 

2-3 

1.4 

2.0 

2.3 

1.8 

60 

3 

2-1 

1.8 

2.0 

23 

1.8 

61 

3 

2.3 

1.3 

1.7 

2.2 

1.6 

«2 

3 

1.9 

1.3 

1.6 

2.2 

1.8 

2-0 
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for  their  age.  Their  weights  were,  therefore,  included  in  the  averages 
of  those  for  the  9~day  suppression  period.  The  averages  of  all  body 
weights  and  the  average  food  consumption  have  been  used  in  plotting 
the  maintenance  curves  and  food  eaten  per  day  for  each  sex  in  the 
respective  groups.  On  refeeding  it  was  found  that  the  mice  of  both 
sexes  fell  into  one  of  two  groups,  namely,  those  that  attained  the  weight 
normal  for  their  age  before  the  time  selected  for  the  second  suppression 


TABLES 

Food  convamption  ■per  day  of  normally  gromng  m 


'«  at  varying  body  weighlt.    Bodn 


weight  7 

to  £7  gram* 

— 

u- 

w-SSIt 

Nambu 

Food  ei ten 

Nmnba- 

*DiDul> 

FoodotflD 

MuLimum 

Uil.iD.ua> 

A<r«a<e 

Maiimum 

Uiaimum 

Avmt* 

orami 

tramt 

mmt 

fniinj 

from* 

from 

«nm« 

7-8 

1 

1.1 

8-9 

2 

1.2 

2 

:.o 

9-10 

6 

1.7 

1.2 

1.5 

4 

1.6 

1.0 

1.2 

10-11 

12 

1.8 

1.2 

1.5 

7 

1.7 

0 

1.3 

11-12 

14 

2.2 

1.3 

1.7 

8 

1.9 

0 

1.5 

12^13 

19 

2.3 

2.0 

10 

2.3 

7 

2.0 

13-14 

IS 

2.3 

2.0 

10 

2.4* 

8 

2.1 

14-15 

15 

2.4 

2.1 

11 

2.8 

« 

2.2 

15-16 

16 

2.9 

2.3 

11 

2.6 

0 

2.2 

18-17 

15 

3.0 

2.3 

11 

2.7 

8 

2.2 

17-18 

15 

3.2 

2.4 

11 

2.8 

6 

2.2 

18-19 

14 

3.2 

2.4 

10 

2.7 

8 

2.2 

19-20 

14 

3.0 

2.6 

6 

2.7 

g 

2.2 

20-21 

10 
4 

3.1 

2.6 

2 

2.2 

1 

2.2 

21-24 

Aver,    for     10 

2.8 

25-27 

2 

Aver,     for    30 

days 

2.4 

period  and  those  that  did  not.  These  groups  are  marked  A  and  B 
on  the  charts.  A  comparison  of  the  body  weights  and  average  daily 
food  consumption  of  the  different  groups  for  the  varying  periods  of  sup- 
pression of  growth  is  shown  in  table  6.  (In  the  data  submitted  in  tables 
6  and  8,  5.1  Calories  per  gram  have  been  used  in  estimating  the  energy 
value  of  the  food.)  The  curves  of  growth  may  be  seen  on  charts  II 
toV. 
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TABLE  8 

Body  ireightt  and  average  daily  food  coruumption  daring  sarying  periods  If 
tuppreteion  of  growth 


,.„..». ™»,„ 

»..»..™„,o» 

»>I1»II 

""""'"" 

InitUI  body  niiht 

Fii.«]  body  wriibt 

^-rffl,""" 

^ii^M 

i 

1 

1 

1 

1 

1 

is 

1 

i 

1 

1 

1 

1 

1 

f 

1 

1  h 

I.J 

iBt 

5 

12,7 

6.8 

10.2 

12..'> 

8.3 

10,1 

1.2 

1.0 

1.1 

S.« 

Iflt 

9 

14,3 

6,{ 

8f 

13,1 

8,S 

B.f 

1.3 

l.l 

1.2 

fl.l 

1st 

18 

11, C 

8..' 

9.1 

11, C 

0,4 

10.3 

1.3 

0.8 

1.2 

«.l 

l8t 

27 

131 

9.6 

11.0 

13.4 

10.7 

11,7 

1,5 

O.S 

1.2 

6,1 

Males 

9 
3 

2d 
2d 

5 
9 

r. 

13.7   16-7 
10  3   12.7 

18.2 
16,4 

13.7 
10,3 

15.2 
12,5 

1.5 
1.7 

1.4 
1,2 

1.6 
1.3 

6.6 

0.6 
0.5 

Females 

IS 

8 

2d 
2d 

5 
9 

16,1 
17-1 

12.4 
14.4 

13,8 
15.2 

15,8 
16,2 

12.0 
13,3 

13-9 
14,8 

1.5 
1.5 

1.4 
1.3 

1.4 
1.3 

7.1 

6.6 

0.5 
0.4 

Males 

3 
2 

3d 
3d 

5 
9 

!!:? 

13.0 
11.8 

15.3 
13.2 

18.1 
14.6 

13.3 
12.1 

15.1 
13.3 

1.5 
1-6 

1.2 
1,2 

1.4 
1.3 

7.1 
6.6 

0.5 
0.6 

Females 

8 

3d 

^ 

u. 

IS.?!  ^'^'^1  '^'H  '^'' 

15.7 

1.6 

1.6 

1.4 

7.6  1  0.5 
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Reduction  in  the  food  requirement  as  a  result  of  continued  underfeeding. 
A  Towered  food  requirement  as  the  result  of  continued  underfeeding 
has  been  reported  for  cattle  by  Waters  ('II)  and  by  Van  Ewing  and 
Wells  ('15),  and  for  rats  by  Jackson  ('15).     In  the  present  experiment 


CRAMS 


CHART E 


Chart  II.    Curves  showing  rapid  acceleration  of  growth  art«r  suppresaioa 

of  growth  for  5,  9,  18  and  27  days.     Males.     Normal  growth Judson, 

-.-.-  Thompson,  Accelerated  growth , 

there  was  in  all  cases  of  maintenance  a  gradual  decrease  in  the  amount 
of  food  per  unit  of  body  weight  required  to  maintain  the  same  weight. 
In  a  few  instances,  in  which  the  food  was  unchanged  in  amount,  there  is 
a  slight  rise  in  the  curve  of  body  weights.  In  the  18-  and  27-day 
suppressions — extensive   periods   for   such   rapidly   growing   animals 
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as  mice — a  slight  upward  curve  was  allowed  because  Jackson  ('15}  and 
Stewart  ('16)  had  found  it  difficult  to  hold  rats  to  constant  weight  and 
keep  them  alive  for  a  long  period. 

Changes  in  the  food  requirement  in  repealed  periods  of  underfeeding. 
In  the  second  and  third  suppressions  the  food  consumption  remained 


Chart  III.    Curves  showing  rapid  acceleration  of  growth  aft«r  suppression  of 

growth  for  5,  9,  18  and  27  days.    Females.    Normal  growth ; Judson,  ----- 

Thompson,  Accelerated  growth . 

about  uniforpi  during  the  period.  There  was  an  increase  in  actual 
amount  eatea  as  compared  with  the  first  period;  but  it  must  be  remem- 
bered that  the  mice  were  at  a  higher  plane  of  body  weight.  When 
food  is  considered  per  gram  body  weight  the  decrease  in  food  require- 
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ment  in  a  second  and  third  period  is  evident  (aee  table  7).  These 
results  are  in  accord  with  those  reported  by  other  investigators.  Howe 
and  Hawk  ('11)  found,  after  starving  the  same  dog  twice  for  more  than 
100  days  each  time,  that  the  total  output  of  nitrogen  was  7.1  per  cent 
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Chart  IV.  Curves  ahowiDp;  moderately  accelerated  growth  after  suppreasion 
of  growth.  Males  (46),  (18-B).  Repeated  suppressions  (44),  (40).  Slow  growth 
on  a  small  daily  food  intake  (8).  Normal  growth; Judsoa,  -.-.-  Thomp- 
son.   Growth  after  suppression 

less  in  the  second  fast  than  in  the  first.  The  loss  of  weight  was  10.3 
per  cent  less  in  the  second  fast  and  21.7  per  cent  less  in  the  second  half 
of  the  second  fast  than  in  the  corresponding  periods  of  the  first  fast. 
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Stewart  ('16)  reported  the  loss  of  weight  for  two  rats  as  slightly  less 
in  a  second  fast  than  in  an  initial  period  of  about  the  same  duration. 

Comparison  of  food  requirement  in  suppressed  growth  with  thai  for 
normal  growth  in  mice  of  the  same  weight.  For  normal,  growing  mice 
the  average  daily  food  intake  at  a  size  represented  by  9  to  10  grams 
body  weight  is  1.5  gram  for  males  and  1.2  gram  for  females.     During 


Chart  V.  Curves  showinR  modenitely  accelerated  itrowth  after  Buppresoion 
of    growth.     Females.     Rer>eule<l    suppressions     (3-B),     (9-B).     Growth    after 

continued  failure  lo  grow  (9).     Normal  Crowlh Judson,  •.-.-.-  Thompson. 

Growth  after  suppreseion . 

maintenance  without  growth  1.1  to  1.2  gram  in  eaten.  Growing 
males  weighing  10  to  11  grams  need  1.5  gram  of  food,  of  the  sort  here 
employed,  per  day  for  growth;  females  need  1,3  gram.  Mice  of  the 
same  weight  are  maintained  without  growth  on  1.2  gram.  An  11-  to 
12-gram  male  mouse  grows  normally  on  1,7  gram  of  food;  females 
need  1,3  gram.     Thirtcen-gram  mice  require  an  average  food  intake 
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of  2  grama  per  day  for  growth,  whereas,  for  maintenance  alone,  1.3 
gram  is  sufficient.  At  15  grams  body  weight  growing  mice  eat  2.2 
grams  per  day,  while  retarded  one  can  maintain  constant  weight  on 
1.3  gram.  From  these  differences  it  may  be  estimated  that  about  14 
per  cent  of  the  food  is  used  for  growth  at  9  to  11  grams  body  we^ht. 
After  the  11-gram  stage  either  the  proportion  of  the  food  required  for 
growth  increases  markedly,  averaging  19  per  cent  for  mice  at  12  grams 
body  weight,  35  per  cent  for  those  at  13  grams  and  40  per  cent  at  a 
weight  of  15  grams;  or  the  power  to  maintain  the  weight  under  adverse 
conditions  increases  considerably  as  the  animal  develops.  In  other 
words,  in  mice,  large  but  still  capable  of  gain  in  body  weight,  a  relatively 
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much  greater  proportion  of  the  food  intake  is  required  to  produce  an 
increment  in  weight,  if  one  may  judge  by  the  comparatively  small 
quota  necessary  to  insure  satisfactory  maintenance.  No  account  is 
taken  in  such  generalization,  however,  of  the  content  of  water  in  the 
new  tissues  at  the  different  stages  of  growth.  There  is  a  suggestion 
also  in  the  relative  number  of  mice  responding  promptly  to  refeeding 
to  indicate  that  the  smaller  animab  may  be  somewhat  less  capable  of 
recovering  from  suppression  of  growth  than  are  the  larger  ones. 

Some  physiological  effects  of  underfeeding.  In  addition  to  lowering  the 
food  requirement  for  maintenance  and  bringing  about  a  better  endur- 
ance of  a  second  period  of  restricted  diet,  underfeeding  has  been  reported 
as  causing  changes  in  general  appearance,  in  body  proportions,  in  rate 
of  growth  of  various  organs,  in  sex  development,  in  activity  and  be- 
havior and  in  intelligence. 
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Weiske  (75)  and  Van  Ewing  and  Welb  ('14)  found  increased  thick- 
ness of  hair  in  cattle.  Osborne  and  Mendel  ('11),  Wheeler  ('13) 
and  Judson  ('16)  all  report  changes  in  the  hair  coat  of  rats  and  mice. 
Increase  in  height  in  proportion  to  width  has  been  observed  in  calves 
by  Waters  ('00)  and  by  Falke  ('10);  changes  in  the  relation  of  height 
to  length  were  reported  for  dogs  by  Aron  ('10);  increased  ratio  of  tail 
to  body  length  in  rats  by  Jackson  ('15),  Stewart  ('16)  and  in  mice  by 
Judson  ('16).  Other  features  are  reported  by  Eckles,  by  Jackson  and 
Lowrey  ('12),  by  Jackson  ('I3-'15),  by  Aron  ('14)  and  by  Stewart  ('16). 

With  respect  to  bodily  activity,  the  extreme  restlessness  of  underfed 
rats  and  mice  has  been  noted  by  Osborne  and  Mendel  ('11),  by  Wheeler 
('13)  and  by  Judson  ('16).  Waters  and  Van  Ewing  and  Wells  have 
observed  restlessness  in  underfed  calves.  These  investigators  also 
reported  viciousness  and  retarded  intelligence.  In  the  present  experi- 
ment restlessness  was  the  most  noticeable  characteristic  which  dis- 
tinguished an  underfed'mouse  from  a  well  nourished  one. 

During  retarded  growth  the  mice  were  thin-bodied  when  stretched 
out,  but  sat,  when  quiet,  in  a  bunched  position.  The  body  propor- 
tions showed  the  changes  mentioned  by  Judson  ('16).  The  nose  was 
sharp,  face  narrow,  head  large  and  tail  length  in  proportion  to  the  body 
increased.  The  fur  became  rough  and  matted  in  the  subjects  of  the 
earlier  experiments.  After  yeast  was  added  to  the  food  there  were  few 
cases  of  moist  looking  fur  but  more  often  a  thicker,  drier  growth  of 
hair  than  usual.  It  was  noticed  that  control  mice  making  very  rapid 
gains  had  thick  fluffed-out  fur.  Mouse  87  (male)  which  grew  from  an 
initial  weight  of  10.5  grams  at  21  days  of  age  to  20.6  grams  at  31  days 
showed  this  unusual  growth  of  fur.  Mice  which  grew  at  about  the 
average  rate  exhibited  the  smooth,  glossy  fur  characteristic  of  normal 
adults. 

The  curvatures  in  the  spinal  column,  due  to  the  fact  that  underfeed- 
ing arrests  the  growth  of  the  muscles  and  skin  but  not  that  of  the  skele- 
ton, were  easily  felt  with  the  fingers.  Pronounced  single  curvatures 
showed  in  the  pictures  of  several  mice,  and  a  double  curvature  in  that 
of  mouse  95.  Mouse  95  (female)  increased  in  weight  from  10.9  grams 
on  the  27th  day  of  suppressed  growth  to  19.5  grams  in  9  days  of  full 
feeding.  At  the  time  the  second  picture  was  taken,  the  curvature  had 
almost  disappeared. 

To  what  degree,  if  any,  the  effects  of  underfeeding  become  permanent 
is  still  a  matter  for  investigation.  Disproportionate  forms  have  been 
found  in  children  by  Fleischner  ('06),  but  are  reported  as  not  occurring 
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in  rats  by  Osborne  and  Mendel  ('11).  According  to  Waters  {'08) 
height  in  calves  is  not  altered  by  underfeeding  unless  complete  retarda- 
tion is  continued  for  more  than  2  or  3  months.  After  resumption  of 
growth  calves  approach  normal  height  more  nearly  than  normal  width. 
Aron  {'11)  thought  dogs  were  permanently  stunted  in  size  by  under- 
feeding, the  injury  being  greatest  in  the  youngest  animals.  He  found, 
however,  that  rats  were  not  permanently  stunted  in  size  when  underfed 
for  150  days  though  he  regarded  the  development  as  incomplete.  Os- 
borne and  Mendel  ('11)  have  found  that  rata  are  not  necessarily  under- 
sized in  later  growth,  even  after  being  stunted  for  very  long  periods. 
They  have  found  also  that  "suppression  at  any  size  does  not  alter 
the  capacity  to  grow."  By  stunting  rats  in  the  nursing  period  Bruniog 
('14)  prevented  recovery  of  normal  size  for  at  least  54  days.  Stewart 
('16)  found  that  in  rats  there  is  usually  recovery  of  body  weight. 

Osborne  and  Mendel  ('15)  reported  that  the  "procreative  functions 
are  not  necessarily  impaired  by  stunting  before  breeding  is  ordinarily 
possible."  Two  of  their  rats  resumed  growth  at  about  250  days  and 
bore  young  at  310  days.  "There  was  no  damage  to  the  maternal  func- 
tion." No  observations  were  made  in  the  present  experiment  upon 
sex  development  as  affected  by  nutrition.  One  male  and  one  female 
after  enduring  repeated  suppressions  of  growth  were  used  for  breeding. 
The  young  from  these  animals  seemed  normal  in  every  way  and  showed 
the  usual  marked  acceleration  after  a  preceding  period  of  suppression 
of  growth, 

RESUMPTION  OP  GROWTH  ON  ADEQUATE  DIETS  APTEK  RETARDATION  OF 
GROWTH 

Characteristics  of  renewal  of  growth.  The  most  noticeable  characteris- 
tics of  renewal  of  growth  are  the  sudden  decrease  in  physical  activity; 
the  rapid  change  in  the  appearance  of  the  hair  coat — the  fur  becoming 
smooth  and  glossy  in  a  few  days;  the  change  to  normal  ratio  of  tail  to 
body  length;  and  the  rapid  development  of  integument  and  musculature 
which  gives  the  shape  and  proportions  normal  for  the  body  weight. 
While  a  few  cases  of  permanent  stunting  have  been  observed,  the  rate 
of  growth,  instead  of  being  decreased,  proves  to  be  accelerated  after 
suppression.  This  has  been  observed  in  the  cat  by  Schapiro  ('05),  in 
the  rat  by  Hatai  {'07),  in  the  salamander  by  Springer  ('09)  and  by 
Morgulis  {'11),  in  the  child  by  Schioss  ('11),  by  Boas  ('12)  and  by  Hesa 
('15),  in  the  rat  by  Ferry  ('13)  and  by  Osborne  and  Mendel  ('15  and 
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'16),  and  by  others.  That  the  rate  of  growth  does  not  decrease  with  the 
age  of  the  animal  has  been  shown  by  the  resumption  of  growth  in  rats 
fed  by  Osborne  and  Mendel  at  "more  than  twice  the  age  at  which 
adequate  size  is  ordinarily  reached,  the  growth  after  suppression  being 
comparable  in  most  cases  to  that  of  a  growing  rat  of  the  same  size  and 
sex."  Selandjiad  observed  as  early  as  1888  that  rabbits  and  chickens 
enduring  alternate  short  periods  of  fasting  and  liberal  feeding  grew  to 
a  weight  heavier  than  the  controls.  No^  {'00)  found  little  or  no  over- 
compensation in  body  weights  in  rats  refed  after  repeated  periods  of 
starvation.  In  the  salamander,  in  which  there  is  probably  a  large 
absorption  of  water,  it  was  found  by  Morgulis  ('11)  that  the  increase 
in  body  weight  after  refeeding  may  be  even  greater  than  the  weight  of 
th^ingeated  food.  Brilning  ('14)  failed  to  cause  "compensatory  over- 
growth in  rata  placed  on  an  artificial  diet  after  being  subjected,  during 
the  suckhng  age,  to  repeated  periods  of  fasting."  In  investigations  by 
Waters  the  food  consumption  and  rate  of  gain  in  cattle  refed  after  being 
kept  on  maintenance  from  6  to  12  months,  were  about  twice  that  of  the 
control  animals.  Stewart  ('16)  reported  that  after  short  periods  of 
maintenance  (40  to  42  days)  rats  were  able  to  overtake  but  not  to  exceed 
the  weight  of  the  controls. 

In  the  present  experiment  most  of  the  curves  of  growth  resulting 
from  fuJI  feeding  after  suppression  of  growth  show  noticeable  accelera- 
tion. Practicallyallof  the  animals  exceeded  the  normal  curves  given  by 
Judson  and  moat  of  them  reached  or  exceeded  in  weight  tho  controls 
grown  in  this  laboratory.  This  was  not  true  of  the  males  suppressed 
27  days  although  they  made  an  average  absolute  gain  equal  to  that 
made  by  the  females  during  the  9  days  of  refeeding.  The  mice  for  the 
27-day  suppression  wore  selected  from  three  litters  and  were  more  alike 
than  any  other  test  mice.  They  were  all  21  days  old  at  the  time  the 
experiment  began.  The  females  were  considerably  larger  for  their 
Bex  than  were  the  males.  The  fact  that  the  females  exceeded  their 
controls  in  growth  while  the  males  did  not  might  indicate,  as  was  sug> 
gested  before,  that  the  larger  the  animal  the  less  the  injury  from  sup- 
pression. It  should  l)e  mentioned  that  all  of  these  mice  were  bred  from 
male  8  which  had  endured  three  5-day  suppressions  and  finally  reached 
B  weight  of  20  grams  after  67  days  in  an  experimental  cage.  In  the  27- 
day  group  all  individuals  grew  at  rapid  rates  during  the  9  days  of  re- 
feeding.  The  extremes  in  percentage  gain  were  91  per  cent  made  by 
mouse  96  (male)  and  56  per  cent  made  by  mouse  84  (female).  The 
heaviest  weight  was  that  of  mouse  82  (female),  23.1  grams,  the  lowest 
was  mouse  89  (female),  18.6gram8. 
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In  all  other  periods  of  auppressioo  there  were  at  least  two  groups 
•with  regard  to  the  rate  of  growth  after  refeeding.  This  division  formed 
the  basis  of  selection  for  the  second  suppression.  The  mice  gaining 
moat  rapidly  were  continued  on  a  liberal  diet  while  the  others  were 
again  put  upon  limited  food.  After  a  5-day  suppression  the  males 
gained  a  little  more  rapidly  than  did  the  females.  However  all  but 
three  were  suppressed  in  growth  again.  All  of  the  females  were  sup- 
pressed a  second  time  even  though  many  of  them  had  overtaken  their 
-controls  at  the  close  of  the  first  refeeding.  Both  males  and  females 
regained  the  weight  normal  for  their  ages  in  ^ite  of  a  second  or  even 
a  third  suppression.  In  other  words,  even  after  repeated  suppression 
of  growth  the  growth  impulse  provokes  a  vigorous  response  to  suitable 
diet,  as  shown  by  the  decided  acceleration  of  gain  in  weight.  .This 
corresponds  with  what  has  been  observed  in  rats.  There  was  a  greater 
variation  among  the  males  with  regard  to  the  rate  of  resumed  growth 
than  was  displayed  among  the  females. 

The  9-day  group  contains  practically  all  of  the  earlier  experiments 
before  yeast  was  added  to  the  diet.  All  but  two  males  overtook  their 
controls  in  9  days  of  full  feeding;  one,  17,  did  not  respond  to  a  second 
suppression,  and  another,  44,  started  as  a  control  and,  after  it  had 
limited  its  own  growth  by  inadequate  eating  for  IS  days,  it  was  sub- 
jected to  two  rather  severe  restrictions  of  diet  with  alternate  periods  of 
refeeding.  This  treatment  seemed  to  bring  about  growth  as  well  as 
3Bga\a,r  habits  of  eating.  This  mouse  did  not,  however,  develop  into 
,«  well  proportioned  adult.  The  abdomen  was  lai^e  and  the  body  short 
and  thick. 

The  mice  suppressed  in  growth  18  days  all  recovered,  but  at  two 
general  rates  of  growth  as  in  the  5-  and  9-day  groups.  Six  males  made 
as  high  absolute  gains  in  six  days  as  the  mice  in  which  growth  had 
been  suppressed  27  days  did  in  9  days.  The  curve  that  flattened  most 
was  in  the  groups  of  females  and  represents  only  two  individuals. 

Lengthening  the  period  of  suppression  might  be  expected  to  result 
in  a  more  uniform  rate  of  recovery.  This  is  not,  however,  the  only 
explanation  of  such  a  resujt.  The  males  in  the  18-day  group  and  all 
of  the  mice  in  the  27-day  groups  were  more  uniform  in  weight  and 
larger  than  the  majority  of  the  animals  in  the  other  tests.  The  curves 
of  these  three  groups  show  the  most  uniformily  rapid  growth.  There 
are  individual  exceptions  to  this  rule,  as  is  the  case  with  two  of  the 
males  recovering  rapidly  after  5  days  of  retardation.  These  two  mice, 
74  and  77,  weighed  8.2  and  7.9  grams  respectively  when  the  test  began. 
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It  was  difficult  to  keep  them  from  growing.  Ji^tter  refeedlog  6  days, 
their  weights  showed  an  increase  of  120  per  cent  and  125  per  cent  re- 
spectively. Only  one  other  experimental  mouse  made  as  high  a  gain 
per  cent  and  that  one,  33,  was  larger  at  the  beginning  of  limited  feeding. 

Statistics  of  daily  food  consumption  during  realimentation  after  periods 
of  suppressed  growth  for  5,  9,  18  and  S7  days.  The  groups  of  male  and 
female  mice  in  the  different  suppression  tests  have  been  arranged  in 
table  8  according  to  their  rate  of  growth  during  refeeding.  The  com- 
parative food  intake,  as  would  be  expected,  runs  parallel  with  the  growth. 
Mice  growing  at  greatly  accelerated  rate  consume  an  average  of  from 
2.1  to  2.9  grams  per  day  which  is  more  than  the  average  for  controls  of 
the  same  age.  Control  mice  weighing  the  same  as  the  test  mice  st  the 
beginning  of  refeeding  consume  from  1.5  go  1.7  gram  per  day.  The 
maximum  food  eaten  by  some  of  the  controls  during  their  growth  from 
12  to  20  grama  body  weight  (26  to  41  days)  exceeded  the  average  maxi- 
mum per  day  of  any  animal  refed  after  suppression  of  growth.  The 
highest  food  consumption  among  the  test  animals  was  3.1  grams  per 
day  by  males  in  the  group  suppressed  in  growth  18  days  and  by  females 
in  the  27-<iay  suppression  test.  The  average  growths  in  these  cases 
were  greatly  in  excess  of  the  average  for  the  controls  (ch&rtB  II,  III). 
The  average  food  consumption  was  approximately  the  same  as  that 
of  the  most  rapidly  growing  controls  of  the  same  age.  The  growth 
was  considerably  in  excess  and  the  food  intake  somewhat  greater  than 
that  of  any  controls  of  the  same  size.  Mice  growing  at  moderately 
accelerated  rate  after  suppression  consumed  approximately  the  same 
amount  as  controls  of  their  age. 

A  few  mice  proved  to  be  capable  of  long  continued  growth  and  finally 
reached  adult  size  on  a  daily  food  consumption  only  slightly  above 
maintenance.  Mice  S  and  44  (males)  and  9  (female)  are  reported  in 
table  8  as  examples  of  such  growth  capacity.  Mouse  8  reached  a  weight 
of  19.6  grams  at  the  age  of  63  days  after  three  5-day  suppressions  of 
growth.  It  ate,  during  the  entire  period  of  refeeding,  an  average  of  but 
1.5  gram  of  food  per  day.  Two  grams  is  the  average  daily  food  intake 
of  mice  weighing  11  to  12  grams  at  about  26  days  of  age.  Mouse  44 
after  two  9-day  suppressions  increased  its  body  weight  from  8.1  grams 
at  32  days  to  20.3  grams  at  62  days  on  an  average  of  1.6  gram  of  food 
per  day.  This  mouse  bad  maintained  its  weight  in  the  first  suppression 
on  0.9  gram  of  food  per  day  and  in  the  second  period  of  restricted  diet 
on  1  gram  per  day  showing  an  unusually  low  food  '  requirement. 
After  the  third  5-day  suppression,  mouse  9  was  continued  on  a  full  diet 
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TABLES 

Oaim  in  weight  and  at/erage  daily  food  eomumption  during  periodt  of  refeeding 
after  varying  periods  of  suppreation  of  growth 
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47  days.  During  this  47-day  period  it  grew  to  the  average  weight  of 
females  62  days  of  age  on  an  average  daily  food  consumption  of  1.3 
gram. 

Comparison  of  the  average  total  food  consumption  during  realimenialion 
vnth  food  eaten  by  controls  in  Ike  time  required  to  make  the  same  growth 
from  the  same  initial  weight.  The  total  food  required  for  males  to  make 
such  absolute  gains  as  are  shown  in  the  different  periods  of  refeeding  is 
compared  in  table  9  with  the  food  eaten  by  control  males  growing  with- 

TABLE* 
Cotrtpariaon  of  the  ODerage  total  food  comumplion  of  male  mite  during  refeeditig 
ttfler  varying  periods  of  euppreeeion  of  growth  with  food  eaten  by  controls  in  the 
lime  required  to  tnake  tht  iame  gain  from  the  tame  initial  weight 
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26) 

Id  making  these  comparisons,  no  account  has  been  taken  of  the  content  of 
water  in  the  new  tissues. 

out  retardation  in  the  time  necessary  for  them  to  make  the  same  gain 
in  body  weight  from  corresponding  initial  weighla.  The  food  consump- 
tion of  the  controls  has  been  estimated  from  table  4.  The  averages  for 
food  consumption  during  the  various  periods  of  suppression  were  taken 
from  the  daily  records  of  each  group.     The  figures  differ  from  those 
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given  in  tsble  6  because  of  the  exclusion  in  this  iostance  of  the  animals 
killed  for  measurement  at  the  end  of  the  various  suppression  periods. 
Data  similar  to  those  given  for  the  males  are  presented  for  the  females 
in  table  10. 


Comparison  of  tKe  auerage  total  food  consumption  of  female  mice  during  refeeding 
after  trartfing  periods  of  suppression  of  growth  tcith  food  ealen  by  controls  in  the 
time  required  to  make  the  same  gain  from  the  same  initial  weight 
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}  account  has  been  takea  of  the  ooat«Dt  of 

Three  males  which  had  been  suppressed  in  growth  5  days  lived  through 
the  maintenance  period  and  made  rapid  growth  on  less  total  food  than 
the  controls  ate,  while  their  weight  increased  by  the  same  absolute 
amount.  These  mice,  group  A-5,  males,  include  the  two  very  rapidly 
growing  individuals,  mentioned  above,  which  overtook  their  controls 
in  4  days.  The  average  food  eaten  by  the  members  of  this  group  was 
25  grams.  Of  this  amount  19.2  grams  were  eaten  during  the  period 
of  accelerated  growth.  The  gain  in  body  weight  corresponded  to  50 
per  cent  of  this  intake.    In  making  the  same  gain,  control  mice  ate  31.6 
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grams  of  food  and  retained  an  equivalent  of  29  per  cent  as  body  weight. 
If  mice  74  and  77  are  conaidered  without  the  other  member  of  this 
group,  it  is  found  that  their  average  food  consumption  for  the  period 
of  refeeding  (6  days)  was  19.4  grams.  During  this  time  their  average 
gain  was  10.6  grams.  Approximately  55  per  cent  of  the  weight  of  the 
food  was  added  to  the  weight  of  the  body.  In  calculating  the  gains 
of  weight  in  terms  of  food  intake,  no  account  has  been  taken  of  the  water 
factor.  Obviously  a  considerable  fraction  of  the  weight  put  on  repre- 
sents water  in  the  new  tissues.  Stewart  reported  that  an  average  of 
16  per  cent  of  the  ingested  food  (exclusive  of  water)  was  applied  toward 
the  increment  in  body  weight  of  his  test  rats. 

The  mice  suppressed  in  growth  9  days  and  group  B  in  the  5-day  test 
ate  approximately  the  same  amount  of  food  as  did  their  controls.  These 
groups  also  show  high  gains  in  body  weight  in  comparison  with  the 
total  food  consumption  in  the  period  of  accelerated  growth.  In  aU 
casta  the  weight  gained  by  the  experimental,  i.e.,  atunled,  animal  was 
greater  in  proportion  to  the  food  eaten  than  that  gained  by  the  controU. 

Among  the  females  recovering  rapidly  from  suppression  of  growth, 
groups  5-A  and  9-A  show  a  utilization  of  smaller  amounts  of  food  than 
was  eaten  by  the  controls  in  making  the  same  gain  in  weight.  AH  other 
groups  show  a  greater  cost  of  growth,  in  terms  of  total  food  consumption, 
when  the  food  intake  during  the  period  of  underfeeding  is  also  taken 
into  account.  From  the  results  of  this  study  it  appears  that,  in  nor- 
mally growing  whitemice,  increase  in  bodyweight,  in  the  twenty  days  fol- 
lowing weaning,  is  equivalent  to  from  20  per  cent  to  30  per  cent  of  the 
total  food  eaten.  In  mice  growing  at  accelerated  rate  after  suppression 
of  growth,  the  gain  may  be  as  high  as  50  per  cent  to  55  per  cent  of  the  food 
eaten  during  the  period  of  actual  growth.  The  added  expense  of  food 
for  maintenance  during  the  period  of  suppression  of  growth  makes  the 
total  economy  of  food  unfavorable  when  long  periods  are  involved. 


From  new  statistics  of  the  body  weight  determined  daily  for  mice, 
curves  of  normal  growth  have  been  prepared.  These  indicate  that  up 
to  the  26th  day  of  life  the  actual  gain  per  day  is  approximately  the  same 
for  both  sexes.  After  the  26th  day  the  males  continue  to  grow  with 
comparative  rapidity  until  about  the  40th  day,  whereupon  the  slower, 
gradually  diminishing  rate  of  increment  ensues.  The  females  gain 
from  the  26th  day  at  the  rate  of  0.5  gram  per  day  until  the  34th  day, 
when  their  curve  flattens  perceptibly. 
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The  normal  daily  food  consumption  bas  been  ascertained  on  a  large 
scale  during  the  period  of  growth  between  the  22d  and  the  62d  day 
of  hfe.  The  diet  consisting  of  a  mixture  of  comparatively  simple  food 
products,  was  selected  to  insure  adequate  proportions  of  all  essential 
nutrients. 

During  prolonged  periods  of  suppressed  growth  with  a  stationary 
body  weight,  the  food  requirement,  as  measured  by  the  actual  ad 
libitum  intake,  decreases  after  a  time  and  remains  at  an  apparent 
minimum  level  throughout  the  period  of  underfeeding.  In  second  and 
third  suppressions  of  growth  after  intervening  periods  of  accelerated 
growth,  the  food  requirement,  in  proportion  to  the  body  weight,  is  less 
than  in  the  first  period  of  retarded  growth. 

In  correspondence  with  the  observations  of  previous  investigators 
the  present  experiments  have  shown  that  the  resumption  of  growth 
after  the  suppression  of  growth,  during  periods  of  varying  lengths  at 
different  stages  of  the  growth  cycle,  ensues  at  a  greatly  accelerated  rate. 

The  daily  food  intake  has  been  determined  during  the  period  of  rapid 
or  accelerated  growth  which  followed  suppression  of  growth  under  a 
variety  of  experimental  conditions.  In  this  way  it  has  become  possible 
to  compare  the  increment  of  body  weight  in  relation  to  the  food  intake 
under  widely  varying  physiological  conditions  of  growth  for  comparable 
increments  in  individuals  of  the  same  size. 

Comparisons  of  the  economy  of  the  food  intake  show  that  the  gain 
of  weight  during  the  period  of  acceleration  of  growth  following  sup- 
pression of  growth  is  ordinarily  accomplished  on  a  smaller  intake  of 
food  than  is  ingested  during  a  period  of  equal  growth  at  normal  rate 
from  the  same  initial  body  weight.  The  advantage  in  this  apparently 
better  appropriation  of  food  during  accelerated  growth  may  actually 
be  sufficient,  in  some  cases,  to  offset  the  added  expense  of  the  food 
required  for  maintenance  without  growth  during  a  brief  preliminary 
period  of  suppression.  In  other  words,  in  several  instances,  the  total 
quantity  of  food  ingested  during  the  entire  period  included  in  the  failure 
to  grow  and  the  restitution  of  growth  up  to  the  normal  size  taken  for 
comparison,  has  been  no  greater  than  that  consumed  by  unstunted 
animals  making  the  same  gain  of  body  weight  at  the  normal  rate. 
Ordinarily,  however,  the  food  requirement  during  any  considerable 
preliminary  period  of  maintenance  without  growth  is  sufficient  to  over- 
balance any  economy  in  food  during  the  period  of  accelerated  growth. 

Slow  but  completed  growth  may  be  accompUshed  even  with  a  very 
small  daily  food  intake. 
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Problems  relating  to  changes  in  form  incident  to  the  suppression  of 
growth  are  discussed.  Whether  permanent  changes  in  proportions  of 
stature  actually  remain  after  the  compensatory  growth  following  early 
stunting  needs  to  be  investigated  more  extensively. 

The  probable  influence  of  the  size  of  the  animal,  expressed  in  body 
weight,  upon  the  rate  of  resumption  of  growth  has  been  noted. 
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DESCRIPTION  OF  FIGURES 

N'o.  96a.  Male.    Initial  weight,  6.7  grams.    Picture  taken  27th  day  of  sup- 
preMion  of  growth.    Weight,  10  grama.    Age,  47  days. 

No.  06b.  Male.    Otb  day  of  refeeding.    Weight,  19.1  grame.    A  gain  of  91 
per  cent  in  9  days.    Age,  56  days. 

No.  95a.  Female.    Initial  weight,   10.4  grams.     Picture  taken  27th  day  of 
iuppression  of  growth.    Weight,  10.0  grama.    Age,  47  days. 

No.  9Bb.  t'emttle.    0th  day  of  refeeding.    Weight,  19.5  grams.    A  gain  of  79^ 
per  cent  in  8  daya.    Age,  56  days. 

No.  00a.  Male.    Initial  weight.  11.8  grama.    Picture  taken  18th  day  of  sup- 
pression of  growth.    Weight,  11.8  grama.    Age,  41  days. 

No.  90b.  Male.    Bth  day  of  refeeding.    Weight,  20.2  grams.    A  gain  of  71  per 
cent  in  6  days.    Age,  47  days. 

No.  104a.  Female.     Initial  weight,  10  ' "-'-'■ —   '"' —    ""'•  ''—  "* 

auppresaion  of  growth.    Weight,  10.7  grai 

No.  104b.  Female.  13th  day  of  refeei 
80  per  cent  in  13  days.  Age,  54  days.  ' 
grams  on  the  10th  day  of  refeeding. 

No.  31.  Control  male.  Weight,  13.0 
form  of  males,  22  to  25  daya  of  age. 

No.  H6.  Control  male.  Weight.  21.4  g 
and  normal  form  of  adult  males.  This  mo 
afce  curve,  chart  1. 
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Fig.  1  06  (a)  Fig.  2  96  (b) 


FiK.3  05(a)  FiK.  4  05(b) 


ng.  6  90  (a)  Fig.  6  90  (b) 
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The  diastase  is  extremely  feeble,  requiring  at  least  five  hours  digestion 
for  the  conversion  of  starch  to  reducing  sugar. 

Hayden  (3)  after  having  digested  a  1  per  cent  solution  of  soluble 
starch  with  parotid  fistula  saliva  up  to  twenty-four  hours  obtained 
evidence  of  the  presence  of  an  enzyme  capable  of  carrying  the  digestion 
of  the  1  per  cent  starch  solution  to  the  maltose  st^e  at  least.  The 
test  for  sugar  was  made  with  Benedict's  quantitative  solution. 

Carlson,  Greer  and  Becht  (4)  collected  mixed  saliva  from  two  horses 
using  pilocarpine  as  a  sialogogue.  They  report  no  amylolytic  action 
on  the  part  of  those  samples.  Twelve  other  samples  of  mixed  horse 
saliva  collected  by  them  showed  no  power  to  digest  starch. 

Carlson  and  Crittendon  (5)  inserted  a  cannula  into  Stenson's  duct. 
The  parotid  saliva  collected  by  that  method  digested  starch.  The 
saliva  was  collected  from  a  human  subject. 

'  M.  Foster  (6)  in  discussing  the  action  of  the  saliva  of  man  says  that 
the  parotid  saliva  alone  digests  starch  and  that  the  secretion  of  the 
submaxillary  gland  is  sometimes  more  powerful  than  that  of  the  parotid. 

Prof.  E.  H.  Starling  (7)  reports  the  stimulation  of  the  flow  of  saliva 
in  the  dog  by  the  use  of  pilocarpine  with  no  amylolytic  action  on  the 
part  of  the  saliva. 

Wiley  (8)  in  giving  an  analysis  of  the  grains  says  that  there  is  in  corn 
71.48  per  cent  of  starch,  sugar  and  dextrin  combined.  Maize  flour 
contains  78.36  per  cent  of  starch  and  sugar.  Unhulled  oats  contain 
of  starch  and  sugar  57.93  per  cent.  Hulled  oats  contain  67.09  per  cent 
of  these  substances. 

Another  author  (9)  claims  that  there  is  practically  no  dextrin  or 
maltose  in  untreated  grains. 

Bradley  and  Kellersberger  (10)  report  the  presence  of  an  active  dias- 
tase in  the  seed  of  both  mature  and  young  com.  Jordan  (11)  says 
that  sugars  are  formed  in  small  quantities  in  the  hays  and  in  scarcely 
appreciable  quantities  in  the  grains.  Saccharose  exists  in  considerable 
proportion  in  field  com.  Maltose  exists  in  no  quantities.  Dextrose 
is  found  in  maize. 

Eflfront-Preecott  (12)  state  that  com,  rye  and  all  other  cereals  con- 
tain considerable  quantities  of  amylase  and  other  substances  that 
accelerate  diastatic  action.  The  action  of  the  diastase  begins  during 
the  process  of  milling.  There  is  a  transformation  of  the  starch  of  the 
grains  into  sugar  and  the  action  of  the  amylase  is  shown  at  grinding. 
The  amylolytic  action  takes  place  more  readily  in  the  presence  of 
water. 
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METHODS  AND  RESOLTB 

Parotid  saliva  from  the  horse  was  collected  through  a  fistula  of 
Stenson's  duct.  Mixed  safiva  was  collected  both  from  the  mouth  and 
an  esophageal  fistula.  The  parotid  saliva  was  collected  while  the 
animal  was  manger  or  trough  feeding.  The  flow  of  mixed  saliva 
was  stimulated  in  various  ways.  Sometimes  it  was  collected  easily, 
other  times  with  difficulty.  Our  work  thus  undergoes  the  same  limita- 
tions as  that  of  Palmer  et  al.  (1), 

Mixed  human  saliva  was  collected  from  a  large  number  of  persons. 
Parowax  was  chewed  in  each  case  to  stimulate  the  flow.  When  this 
saliva  was  diluted  the  dilution  was  1-50  and  two  drops  of  the  dilution 
were  used  for  digestive  work. 

The  various  extracts  were  made  with  50  per  cent  glycerin  in  water. 
The  glands  and  mucous  membranes  were  extracted  on  the  day  the 


Pilocarpine  cryitals. 

Pilocarpine  crystals 

Pilocarpine,  hypodermic 

Pilocarpine,  bypodennic 

Arecolioe,  hypodermic 

Arecoline,  hypodermic 

Pilocarpine  crystals  plus  1  cc.  parotid  saliva. 


0.000 

0.000 

0.016 

0.023+ 

0.f23+ 

0.023+ 

O.COO 


animal  was  killed  and  digestion  was  carried  out  the  next.  We  have 
a  series  of  four  horses  from  which  extracts  have  been  made. 

Unless  exception  is  noted  all  samples  were  digested  with  5  cc.  of  a 
I  per  cent  corn  starch  solution  for  a  period  of  two  hours.  Digestion 
was  carried  on  in  an  electric  incubator  at  a  temperature  of  38  to  40°. 

The  extent  of  digestion  has  been  indicated  by  the  physical  appearance 
of  the  starch,  the  reaction  the  starch  to  n  '20  I  and  the  quantity  of 
sugar  produced.  Most  of  the  samples  showed  considerable  starch  at 
the  end  of  the  digestion  period  and  unless  the  clearing  was  marked  we 
have  indicated  the  result  by  O.  With  n,  20  I  the  achroodextrin  stage 
has  been  indicated  by  — ,  the  crythrodoxtrin  by  R  and  varying  degrees 
of  reaction  by  G  for  good,  F  for  fair,  S  for  slight,  V.  S.  for  verj-shght, 
Bene<lict's  test  was  used  to  determine  the  quantity  of  sugar  produced. 

Pahner  (13)  states  that  pilocarpine  digests  starch.     We  used  the 
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drug  in  both  the  cryatalline  form  and  in  hypodermic  tablets  in  previous 
work.  In  the  present  work  we  have  used  hypodermic  tablets  of  arec- 
oline  in  addition  to  the  two  forms  of  pilocarpine.  Table  1  indicates 
typical  results  obtained  in  the  use  of  these  drugx. 

One-half  grain  of  the  respective  form  of  the  drugs  was  dissolved  in 
10  cc.  of  water  and  2  cc.  of  the  solution  used.  Several  samples  of  each 
drug  have  been  tested.  There  is  no  evidence  of  digestive  action  on 
the  part  of  either  of  them.  However  a  considerable  amount  of  reduc- 
ing sugar  is  present  in  the  hypodermic  tablets  of  each  drug. 

Many  samples  of  human  saliva  diluted  1-^  show  a  decided  digestive 
power.  One  sample  diluted  1-100  gave  good  results.  Data  involving 
the  use  of  diluted  human  saliva  are  indicated  in  table  2. 


TABLE] 

„.^ 

N/SII 

,.a.. 

0 
0 
0 

R-G 
R-G 
R-G 

B 

A  contains  2  drops  of  human  saliva  in  a  dilution  1-50. 
B  is  A  plus  1  cc.  mixed  mouth  saliva  of  the  horse. 
C  is  A  plus  1  cc.  parotid  fistula  saliva  of  the  horse. 

Table  2  is  a  summary  of  a  very  large  number  of  samples.  The 
starch  solution  was  not  cleared  in  any  of  them.  The  erythrodextrin 
reaction  predominates  in  A.  In  B  and  C  the  reaction  R-G  is  about 
even.  The  average  amount  of  sugar  found  in  A  is  equal  to  that  of 
either  B  or  C.  From  our  interpretation  of  these  results  we  can  see  no 
evidence  that  human  saliva  diluted  1-50  activates  cither  mixed  mouth 
saliva  or  parotid  fistula  saliva  from  the  horse. 


„.™ 

N/MI 

.n»- 

0 
0 

-  tp  v.s. 

F-G 
R-G 

graau 

0.017-032 

:.  of  human  saliva. 

;.  of  mixed  mouth  ealiva  from  the  horse. 

^  of  parotid  fistula  saliva  from  the  horse. 
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The  physical  appearance  of  the  starch  was  not  a  good  index  of 
digestion  in  this  series.  The  human  saliva  changed  the  starch  toachro- 
odextrin  in  the  greater  number  of  the  tests.  The  reaction  of  either 
B  or  C  to  n/20  I  is  not  to  be  compared  to  that  of  A.  The  amount 
of  sugar  produced  in  B  or  C  is  a  negligible  quantity  when  compared 
with  the  amount  indicated  in  A.  The  action  of  human  saliva  on  cooked 
starch  is  much  greater  than  that  of  mixed  or  parotid  fistula  saliva  from 
the  horse. 


TABLE 

4 

«^ 

N/10  I 

•DOUI 

0 
0 

R-G 
R-G 

A  is  3  drops  of  mixed  mouth  saliva  from  the  hone  diluted  1-10. 
B  is  A  plus  I  cc.  parotid  fistula  aaliva. 

The  erythrodextrin  reaction  occurs  but  once  in  each  series.  As  in 
the  other  tables  a  large  number  of  samples  ia  represented  in  the  sum- 
mary given  in  this  table.  The  maximum  amount  of  sugar  in  either  A 
or  B  is  far  above  the  average  of  either.  The  average  of  each  is  too 
nearly  equal  to  be  taken  as  evidence  of  the  presence  of  an  activator  in 
the  mixed  mouth  saliva  of  the  horse. 

Repeated  tests  with  corn  or  oats  ground  in  a  food  chopper,  mixed 
with  water  and  filtered  through  cheese  cloth  give  evidence  of  reducing 
sugar.  The  quantity  of  sugar  varies  from  0.000  gram  in  a  sample  of 
commeal  to  0.15  gram  in  a  sample  of  ground  oats.  The  amount  of 
sugar  obtained  from  either  of  these  grains  after  having  been  digested 
with  either  mixed  or  parotid  fistula  saliva  from  the  horse  does  not  aver- 
age higher  than  the  grains  alone  when  mixed  with  water.  There  is 
evidence  in  the  literature  already  quoted  of  sugar  in  these  grains  and 
of  the  presence  of  a  diastase  that  may  be  activated  by  grinding  them. 
Th^  diastase  is  also  said  to  be  active  in  the  grains  without  any  mechan- 
ical change  in  them. 

Glycerine  extracts  of  the  mucosa  of  the  mouth,  of  the  buccal  glands, 
and  of  the  saUvary  glands  from  four  different  horses  have  not  shown 
any  marked  activating  influence  when  digested  with  parotid  fistula 
saliva  or  in  different  combinations  with  each  other.  We  have  too  few 
of  this  series  to  come  to  a  definite  conclusion.  Some  of  the  digested 
products  if  tested  with  Fehling's  solution  alone  would  show  a  marked 
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reduction.  Orokinase  cannot  be  demonstrated  by  the  use  of  thai 
reagent  alone.  We  have  a  large  number  of  samples  in  the  different 
phases  of  the  work  that  would  give  some  considerable  reduction.  When 
the  quantity  of  sugar  was  measured  it  was  found  that  it  was  not  ap- 
preciably greater  in  the  material  in  which  no  enzyme  was  supposed  to 
have  been  present.  Two  drops  of  human  saliva  diluted  1-50  gave 
frequent   erythrodextrin   reactions   when   digestion   was  carried   two 

TABLES 

Showing  the  amount  of  reductTtg  mgar  in  grxnind  corn  and  oatt.     Time  of  digeition, 
t  kourn.    Sugar  reported  it  the  quanttty  in  the  whole  filtrate 


o^ 

•Jiovwr 

UlOUNTHfl 

■no*" 

20 
20 
10 
2 
2 
2 
2 
2 
2 
5 
5 
5 
5 
5 
S 
S 
5 
5 
6 
6 

100 
100 
50 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

fnmt 

O&ts                         

0.06 

0.02 

0.04 

nnrnmBHl 

0.035 

Oats 

0.025 

0.01» 

0.015 

Oftts 

0.15 

0.10 

•Corn  ,  . 

0.09 

0.019 

*  Indicatea  no  digestion,  samples  were  tested  right  after  mixing  with  water, 
hours.  None  of  the  samples  tabulated  in  table  7  did  save  one  and  10  cc. 
of  parotid  fistula  saliva  was  used  in  that.  No  sugar  could  be  measured 
from  this  sample.  Parotid  saliva  in  quantities  greater  than  1  cc.  when 
digestion  is  carried*  up  to  twenty-four  hours  frequently  give  the  eryth- 
rodextrin reaction  and  measurable  quantities  of  sugar.  The  same 
thing  has  occurred  with  the  mixed  saliva  and  the  various  extracts  that 
have  been  made.  This  seems  to  be  in  accord  with  the  results  obtained 
by  Seymour  (2). 
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The  amount  of  sugar  measured  in  these  cases  has  been  a  disappoint- 
ment to  us.  We  feei  that  an  enzyme  in  the  mouth  secretions  activating 
the  salivary  secretions  would  lead,  to  the  production  of  measurably 
more  sugar  than  that  produced  from  the  secretions  or  extracts  used 
alone.    That  has  not  been  the  case  in  our  experiments. 

Our  one  esophageal  fistula  has  not  given  the  results  hoped  for.  The 
amount  of  sugar  produced  in  any  experiment  with  \he  mixed  saliva 

TABLE* 
Action  o/  sativa  of  the  horse  on  ground  grainM. 


gramt  of  grain  to  tS  ce.  o 

f  troier  in  taeh  aampU 

,^- 

.^« 

«,o^ 

Mixed 
Parotid 
Parotid 
Mixed 
Parotid 
Mixed 
Mixed 
Mixed 
Mixed 
Mixed 
Mixed 
Mixed 
Mixed 
Mixed 
Mixed 
Mixed 
Mixed 
Parotid 

5 
10 

Com    ....                                ... 

Cornmeal 

Coro                              

0.032 

OaU 

Oats 

from  that  source  has  been  small.    In  no  wise  has  it  been  comparable 
with  the  action  of  human  saUva  on  either  cooked  or  raw  starch. 

Neither  oats  nor  com  having  been  thoroughly  masticated  and  passed 
through  the  fistula  have  given  more  sugar  than  we  have  obtained  from 
the  ground  grains  in  water.  Mixed  saliva  from  this  fistula  did  not  show 
digestive  action  on  these  grains.  The  mixed  saliva  did  not  show  any 
reducing  power.  Mixed  saUva  acting  on  cooked  starch  for  twenty-four 
hours  produced  0.008  gram  of  sugar.  The  human  saliva  in  the  dilution 
used  produced  as  much  or  more  when  digestion  was  carried  only  two 
hours. 
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TABLE  T 

Action  of  trarioua  gland  extracts  on  starch;  0.6  ee.  of  extraet  used.    Where  parotid 
saliva  is  used  I  cr.  is  the  amount.    Time  of  digeetion,  It  hours 


N/WI    (DOAa 


Buccal  gland ^. 

Buccal  gland  plus  parotid  saliva 

Parotid  saliva 

Parotid  aaliva,  10  oc 

•Buccal  gland 

Buccal  gland  plus  parotid  extract 

Buccal  gland  plus  submaxillary  extract. . 

Buccal  gland  plus  sublingual  extract 

Lingual  gland 

Lingual  glanda  plus  parotid  aaliva. . ,  i .  . . 

•Lingual  glands. 

Lingual  glands  plus  parotid  extract 

Lingual  glands  plus  submaxillary  extract. 
Lingual  glanda  plus  sublingual  extract... 

Mucosa,  mouth 

Mucosa  plus  parotid  saliva 

•Mucosa 

Mucosa  plus  parotid  extract 

Mucosa  plus  submaxillaty  extract 

Mucosa  plus  sublingual  extract 

Parotid  extract 

Submaxillary  extract 

'  Indicates  no  digestion. 


TABLES 

Material  from  ssophagsol  fistula 


1.  Starch  plus  mixed  saliva 

2.  Starch  plus  0.5  ec.  mixed  aaliva 

3.  Oats  from  fistula,  1  cc.  of  liltrate 

4.  Oats  from  fistula,  1  cc.  of  filtrate  24  hours 

5.  Oats  from  fistula,  2  cc.  of  filtrates  0.2  HCl : 

4.  Starch  plus  mixed  saliva,  21  hours  digeation 

Z.  Ground  corn  2  grams,  25  cc.  HiO  plus  1  cc.  mixed  saliva 

5.  Oata  ground  2  grams  25  cc.  HiO  plus  1  cc.  mixed  saliva. .; 
9.  1  cc.  mixed  saliva,  not  digested 
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C0NCLUSI0N6 

1.  Pilocarpine  hydrochloride  does  not  digest  starch.  Hypodermic 
tablets  of  both  pilocarpine  and  arecoline  contain  a  reducing  substance 
in  comparatively  large  quantities  but  do  not  in  themselves  digest  starch. 

2.  Two  drops  of  human  saliva  diluted  1-50  carry  5  cc.  of  a  I  per 
cent  starch  solution  to  the  erythrodextrin  stage  in  a  large  number  of 
cases.  A  measurable  amount  of  sugar  is  produced  as  a  result  of  that 
digestion. 

3.  Human  saliva  in  such  a  dilution  does  not  activate  either  mixed  or 
parotid  fistula  saliva  from  the  horse. 

4.  Mixed  human  saliva  digests  cooked  starch  much  more  readily 
than  either  mixed  or  parotid  fistula  saliva  of  the  horse. 

5.  Two  drops  of  mixed  mouth  saliva  from  the  horse  diluted  1-10 
does  not  activate  parotid  fistula  saliva  from  that  animal.  It  does 
not  show  any  appreciable  digestive  power  when  used  alone  in  that 
dilution. 

6.  The  filtrate  from  a  solution  of  ground  com  or  oats  contains  a 
reducing  sugar.  The  quantity  of  sugar  does  not  show  an  average  in- 
crease when  the  grains  are  digested  with  either  mixed  or  parotid  fistula 
saliva  from  the  horse.  Mixed  human  saliva  does  digest  them  under  the 
same  conditions. 

7.  Extracts  from  the  glands  and  mucosa  of  the  mouth  have  failed  to 
activate  parotid  saliva  or  extracts  of  the  salivary  glands  of  four  differ- 
ent horses. 

8.  Corn  and  oats  passed  through  an  esophageal  fistula  show  no  more 
reducing  sugar  than  the  ground  grains  themselves.  Mixed  saliva  from 
the  esophagus  has  not  shown  any  marked  potency. 

9.  The  glands  of  the  mouth  as  well  as  the  salivary  glands  produced 
a  small  amount  of  enzyme  that  will  digest  starch  within  a  twenty-four 
hour  period. 
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INTRODUCTORY 

Since  Magnus  and  Sch&fer  (1)  first  pointed  out  a  possible  relation 
between  the  hypophysis  cerebri  and  renal  function,  a  lar^e  amount  of 
work  has  been  done  in  an  attempt  to  fix  this  relationship  and,  if  possible, 
to  point  out  its  nature.  The  results  obtained  have  been  quite  conflict- 
ing. The  earlier  investigation  seemed  to  show  that  extracts  of  the 
pituitary  gland  when  injected  intravenously  have  a  pronounced  diuretic 
effect.  The  later  work  would  indicate  that  such  extracts  give  results 
which  are  exactly  contrary  to  those  obtained  by  the  earlier  investi- 
gators, namely,  an  antidiuretic  effect. 

In  this  investigation  it  was  our  purpose  to  find  out  first,  whether 
the  subcutaneous  injection  of  pituitary  extract  will  cause  any  quan- 
titative variation  in  the  daily  output  of  urine;  second,  whether  such 
injection  will  in  any  way  affect  the  quantity  of  urine  excreted  and,  if 
so,  to  find  out  if  possible  the  factors  involved. 

LITERATURE 

Magnus  and  Schafer  (1)  working  on  anesthetized  animals,  concluded 
that  intravenous  injection  of  extracts  of  the  pituitary  gland  causes  a 
prolonged  expansion  of  the  kidney  and  a  greatly  increased  rate  of  renal 
secretion.  The  diuresis  was  in  every  case  of  short  duration,  twenty 
to  thirty  minutes,  while  the  kidney  dilation  continued  for  a  longer 
time.  These  authors  conclude  that  the  extract  acts  directly  on  the 
renal  epithelium  in  bringing  about  the  increased  flow  of  urine. 

This  work  was  later  repeated  by  Schafer  and  Herring  (2)  who  arrived 
at  practically  the  same  conclusions.  Their  results,  however,  were 
quite  inconstant.     In  a  aeries  of  thirteen  experiments  on  dogs,  nine  show 
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a  diuretic  and  four  an  antidiuretic  effect  after  injection.  In  another 
series  on  nineteen  rabbits,  diuresis  was  obtained  in  fourteen  caaes  and  a 
decrease  in  flow  in  five  cases. 

The  theory  of  direct  stimulation  of  the  renal  cells  was  also  upheld 
by  Hoskins  and  Means  (3),  who  considered  that  the  direct  stimulation 
may  be  assisted  by  a  vasodilation  in  the  kidneys. 

Houghton  and  Merrill  (4)  failed  to  find  any  direct  action  of  pituitary 
extracts  on  the  renal  epithelium  in  the  case  of  perfused  kidneys. 
They  conclude  that  diuresis  is  caused  by  an  increase  in  the  blood 
pressure. 

Vasodilation  of  the  renal  vessels  is  considered  by  King  and  Stoland  (5) 
to  be  the  principal  factor  involved  in  the  increased  flow  of  urine  which 
they  find  after  pituitary  extract  injection. 

Dale  (6)  working  with  perfused  kidneys  of  the  dog  and  cat  found 
that  pituitary  extracts  cause  a  vasoconstriction  of  renal  vessels.  These 
results  were  confirmed  by  Houghton  and  Merrill  (4). 

Pal  (7)  states  tha,t  isolated  rings  of  the  proximal  portion  of  the  renal 
artery  are  constricted  while  rings  from  the  peripheral  portions  of  this 
artery  are  dilated  by  pituitrin. 

The  investigations  of  Falta,  Newburg  and  Noble  (8)  indicate  that 
diuresis  generally  results  from  subcutaneous  injections  of  pituitary 
extracts. 

A  number  of  other  investigators  using  practically  the  same  methods 
as  those  of  Schafer  and  Herring  have  reported  that  diuresis  results 
from  the  injection  of  extracts  from  the  pituitary  gland. 

Within  the  past  three  years  several  investigators  have  reported  that 
subcutaneous  injection  of  pituitary  extracts  gives  a  diuresis  of  several 
hours  duration.  Pentimalli  and  Quercia  (9)  found  that  on  the  isolated 
kidney  of  the  rabbit  pituitary  extract  gave  a  diminished  flow  from  both  . 
the  ureter  and  from  the  renal  vein.  The  decrease  was  especially  marked 
in  the  flow  from  the  vein.  On  the  other  hand  Gabriels  (10)  reported 
that  in  the  isolated  kidney  of  the  dog  pituitary  extract  caused  an  in- 
creased flow  of  urine  without  vasodilation. 

A  large  portion  of  the  evidence  in  favor  of  the  antidiuretic  effect  of 
posterior  lobe  extract  comes  from  the  clinical  side  where  the  extract 
has  been  used  with  apparent  success  in  reducing  the  diuresis  of  dia- 
betes insipidus.  One  of  the  first  to  report  evidence  of  this  nature  was 
Farmi  (11)  who  reported  that  he  had  been  successful  in  reducing  the 
diuresis  in  two  diabetes  insipidus  patients  by  subcutaneous  injections 
of  extract  of  the  pituitary. 
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Further  evidence  from  the  clinical  side  has  been  given  by  von  der 
Velden  (12),  Konschegg  and  Schuster  (13),  Motzfeldt  (14),  (15)  and 
Bab  (16).  Most  of  these  investigatora  have  checked  up  their  results 
experimentally. 

Meyenberg  (17),  working  on  rabbite  and  cats,  found  that  subcutane- 
ous injection  produced  an  antidiuresis  lasting  for  eight  or  ten  hours. 

Romer  (IS)  found  that  animals  catheterized  every  hour  showed  a 
very  marked  decreased  output  of  urine  after  injection  with  pituitary 
extract. 

The  most  extensive  experimental  work  showing  an  antidiuretic  effect 
from  the  injection  of  poaterior  lobe  extract  has  been  reported  by  Mote- 
feldt  (19).  Working  with  a  large  number  of  animals,  mostly  rabbits, 
he  found  that  subcutaneous  injection  of  the  extract  gave  without 
exception  a  marked  antidiuresis  extending  over  several  hours.  Motz- 
feldt concludes  that  the  results  from  his  experiments  on  rabbits  tend  to 
show  that  pituitary  extracts  produce  an  antidiuretic  action  on  account 
of  their  stimulation  of  the  sympathetic  nervous  system  and  thus 
affecting  the  renal  vasomotor  system,  that  is,  the  direct  cause  of  the 
antidiuresis  is  considered  as  due  to  vasoconstriction  in  the  kidneys. 

METHODS   AND    RESULTS 

In  all  of  our  work  we  have  followed  rather  closely  the  methods  sug- 
gested by  Motzfeldt  with  the  important  exceptions  that  our  observa- 
tions extended  over  much  longer  periods  of  time  and  the  urinary  out- 
put was  always  computed  on  the  twenty-four  hour  or  daily  basis. 

The  experimental  observations  were  made  on  cats  and  rabbits. 
Rabbits  were  found  to  be  much  more  susceptible  to  pituitary  extracts 
than  were  dogs  or  cats. 

Three  commercial  extracts  were  used,  namely,  Pituitrin  (Parke, 
Davis  &  Co.),  Hypophyseal  Solution  (Squibb  A  Co.)  and  Pituitary 
Liquid  (Armour  A  Co.).  Practically  no  difference  was  found  in  the 
action  of  these  preparations. 

.  The  injections  were  made  subcutaneously  in  every  case.  The  usual 
amount  injected  per  day  was  1  ec.  for  cats  and  0.5  cc.  for  rabbits.  The 
injections  were  made  at  the  beginning  of  experiment  at  the  time  that 
the  water  was  given  by  stomach  tube. 

Ordinary  aseptic  precautions  were  used  in  making  the  injections. 
No  infections  resulted  from  the  repeated  injections. 

In  order  to  obtain  accurate  data  on  the  water  intake  the  water  was 
always  given  by  stomach  tube. 
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.  The  animals  were  kept  in  perfectly  dry  cages  and  the  nature  and 
amount  of  food  given  were  accurately  noted  in  each  case. 

The  urine  was  collected  in  such  a  way  as  to  avoid  so  far  us  possible 
any  evaporation  or  any  contamination  with  feces. 

The  daily  quantity  and  the  specific  gravity  were  the  principal  points 
noted  in  each  experiment.  Variations  in  the  rate  of  output  were  also 
noted  in  the  case  of  the  catheterized  rabbits. 

Tests  were  made  in  each  experiment  for  sugar  and  albumin  but  these 
were  not  observed.  In  both  cats  and  rabbits  the  daily  output  of  urine 
varies  widely  even  with  a  constant  food  and  water  supply.  On  this 
account  it  was  found  advisable  to  extend  the  observations  over  several 
days. 

In  our  first  series  of  observations  it  was  our  purpose  to  find  out 
whether  pituitary  extracts  will,  when  injected  subcutaneously,  cause 
any  variation  in  the  daily  output  of  urine.  In  table  1  we  give  the 
averages  from  this  series  of  experiments.  By  inspection  of  this  table 
it  will  be  found  that  the  averages  for  the  control  animals  and  for  the 
injected  animals  are  practically  the  same  both  in  amount  and  in  specific 
gravity.  In  six  cases  there  is  a  slight  decrease  in  the  daily  output  of 
the  injected  animals  but  this  is  balanced  by  four  cases  where  there  is 
a  greater  increase  in  daily  output.  The  variations  above  and  below 
the  mean  were,  with  the  exception  of  one  case,  less  than  11  cc. 

There  is  no  indication  that  the  animals  eatabhshed  a  resistance  to 
pituitary  extract  after  repeated  injections.  In  practically  every  case 
the  daily  output  of  urine  following  the  first  and  second  injections  was 
as  high  as  that  obtained  on  the  ninth  or  tenth  days  of  injections. 

Attempts  were  made  to  study  the  effect  of  doses  larger  than  1  cc. 
per  day,  but  these  did  not  yield  satisfactory  results  on  account  of  the 
systemic  disturbances  caused.  In  the  case  of  cats,  vomiting  was  the 
most  common  result  from  large  doses,  in  fact,  even  with  1  cc.  doses  a 
number  of  cats  had  to  be  rejected  on  account  of  this  tendency  to  vomit 
following  the  injections.  The  vomiting  may  not  occur  until  thirty  or 
forty  minutes  after  the  water  and  the  injections  have  been  given.  For 
this  reason  it  is  necessary  to  watch  the  animals  closely  for  at  least  this 
length  of  time,  so  that  one  may  be  sure  that  he  is  not  including  regurgi- 
tated water  in  the  urine  measurements. 

The  apparent  decrease  in  daily  output  of  urine  after  injection  shown 
in  table  2  may  be  accounted  for  by  the  loss  of  water  due  to  the  increased 
defecation. 
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TABLE  I 

Sumtnary  of  experimenlt  on  the  i^fiuence  of  pituUar]/  extract  on  the  urinary  oatput 
in  catt.  The  averaget  for  each  animal  are  computed  from  ten  daye  of  normal 
(ctmJroI)  and  from  ten  days  of  daily  injection  vrith  I  ec.  of  pituitaTy  extract. 
Each  animal  tons  tniv"  "^  ffrarm  of  cooked  meat  per  day.  Water  teai  given  by 
ttomaeh  tube 
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In  attempting  to  inject  doses  lai^r  than  2  cc.  per  day  oo  satisfactory 
results  were  obtained.  In  two  ca^ea  the  output  was  reduced  to  one- 
half  the  normal.  In  three  cases  there  vras  a  very  marked  increase  in 
daily  output.  The  usual  result,  however,  was  that  it  was  impossible 
to  keep  the  injected  animals  from  regurgitating  the  water  introduced 
by  stomach  tube. 

Rabbits  gave  practically  the  same  results  as  cats  so  far  as  the  efTect 
of  pituitary  extracts^pon  daily  output  and  specific  gravity  of  the  urine 
is  concerned.     This  is  shown  in  tables  3,  4  and  5. 

The  variation  betweeo  the  control  and  the  injected  animals  was 
greater  in  the  experiments  on  rabbits  than  in  those  on  cats.  This 
is  accounted  for  in  part  by  the  shorter  time  covered  by  the  rabbit  experi- 
ments.    It  was  not  possible  to  keep  the  rabbits  in  good  condition  for 

TABLE  1 

Effect  of  large  dottt  of  pituitta-y  extraeU  on  urinary  output  in  eat.  PUwitary  ex- 
tract wot  given  in  two  dote*  per  day  of  1  cc.  each  at  Hx  hour  interval.  Animal 
teat  given  daily  100  grama  of  cooked  meat  and  ISO  ce.  of  water  by  stomach  tube 
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longer  periods  of  experimentation  than  those  used.  In  order  to  avoid 
the  loss  of  excessive  amounts  of  water  in  the  large  amount  of  feces 
passed,  it  was  found  advisable  to  reduce  the  food  supply  to  such  an 
extent  that  a  very  small  amount  of  material  was  normally  passed  from 
the  intestine.  The  reduced  food  supply  was  also  found  to  be  necessary 
to  avoid  the  development  of  diarrhea  following  the  injections. 

Another  cause  for  the  variation  in  the  case  of  rabbits  may  be  found 
in  the  tendency  of  the  pituitary  extract  to  increase  defecation.  This 
fact  is  referred  to  later  in  another  connection. 

The  second  part  of  our  probl^hi  was  to  find  out  whether  the  subcu- 
taneous injection  of  pituitary  extract  causes  any  variation  in  the  rat«  of 
urinary  excretion.  Rabbits  were  found  to  be  best  suited  for  this  line 
of  work  since  by  using  males  it  was  easy  to  coUect  the  urine  at  regular 
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intervals  by  catheterization.  Silk  linen  catheters  no.  11  were  found  to 
be  best  adapted  for  this  purpose. 

It  was  found  necessary  to  select  rabbits  that  could  be  catheterized 
with  ease  since  irritation  of  the  urethra  apparently  exerted  a  reflex 
inhibition  on  the  kidney.     Rabbit  3  in  table  4  illustrates  this  point. 

Tables  4  and  5  show  the  effect  of  pituitary  extracts  on  the  rate  of 


Summary  of  eiperimenla  on  the  influence  of  piluilary  exlracti  on  daily  urinary 
output  in  rabbilt.  The  aeerafet  for  each  animal  are  computed  from  three  days  of 
normal  (control)  and  three  dayi  unlh  daily  injection  of  O.S  cc.  of  pitmtary  extract. 
Each  aninuU  was  given  50  grama  of  cabbage  per  day,  ISC  cc.  of  water  iro*  given  daily 
to  each  animal 
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secretion,  but  this  is  even  better  shown  in  figure  1.  It  will  be  noted 
from  (he  figure  that  the  normal  diuresis  which  follows  the  giving  of 
150  cc.  of  water  to  rabbits  by  stomach  tube  reaches  its  maximum  in 
the  second  or  third  hour  after  giving  the  water.  By  the  end  of  the 
seventh  hour  the  diuresis  has  practically  exhausted  itself  and  the  normal 
excretion  of  2  to  3^c.  per  hour  follows.  After  the  injection  of  pituit- 
ary extract  the  picture  is  quite  different. 
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In  this  case  the  diuresis  is  held  in  check  for  seven  or  eight  hours  when 
it  breaks  through  and  may  reach  a  level  as  high  as  that  of  normal 
secretion.  As  a  rule  the  diuresis  following  the  injection  is  prolonged 
for  ten  to  twelve  hours.  The  total  outputper  day  is  found  to  be  practic- 
ally the  same  in  both  cases. 

By  referring  to  some  of  Motzfeldt's  (15)  figures  it  will  be  noted  that 
they  show  an  increase  in  urine  output  in  the  seventh  and  eighth  hours, 


Fig.  1.  Curves  showing  the  etTect  of  pituitary  extract  on  uriaary  output. 
Each  curve  is  plotted  from  averages  from  two  animals  (rabbits).  At  the  begin- 
ning of  the  experiment  each  animal  was  given  150  ce.  of  water  per  os.  The  in- 
jected animals  were  each  given  O.S  cc.  of  pituitary  extract  subcutaneously  at  the 
beginning  of  the  experiment.  The  broken  line  represents  the  control  animals. 
The  continuous  line  represents  the  injected  animals.  Average  24  hours  urinary 
output  of  control  animals,  172.6  cc.  Average  24  hours  urinary  output  of  Injected 
animals,  170-5  cc. 

that  is,  his  observations  were  carried  just  to  the  b^inning  of   the 
diuresis  which  has  been  delayed  by  the  pituitary  extract. 

The  third  problem  which  concerned  us  was  the  cause  of  the  delay 
in  diuresis  which  we  found  followed  the  subcutaneous  injections  of 
pituitary  extract.     Several  things  which  appeared  in  the  course  of  the 
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experitnents  suggested  to  us  that  delayed  absorption  from  the  alimentary 
canal  may  be  an  important  factor  in  causing  this  delayed  diuresis.  It 
haa  already  been  noted  that  in  the  case  of  injected  cat4  there  is  a  pro- 
nounced tendency  to  vomit.  The  vomiting  may  occur  three-quarters 
of  an  hour  after  giving  the  water  and  the  injection.  Usually  four- to 
five-sixths  of  the  water  was  returned  in  the  vomit,  indicating  that  there 

TABLE  4 
Effect  of  pituitary  extract  on  the  urinary  output  in  rablnlt.  Each  animal  wai  given 
ISO  cc.  of  water  by  ttomach  tube  at  the  beginning  of  the  experiment.  No  food  iml 
given  during  the  experiment.  Rablnta  t,  t  and  S  were  injected  at  the  beginning 
of  the  experiment  tnith  i  ec.  of  pituitary  extraet.  The  urine  teat  drawn  by 
catheterization 
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was  a  delay  in  p:k>;sing  the  water  from  the  stomach.  The  injection  of 
large  doses  of  the  extraet  commonly  caused  diarrhea.  The  effect  of 
the  extract  on  the  alimentjiry  canal  was  much  more  pronounced  in 
rabbits  than  in  cats.  Itabbits  kept  on  a  uniform  diet  of  50  grams  per 
day  of  carrots  or  cabbage  pjiss  very  small  amounts  of  feces  in  the  form 
of  comparatively  dry  pellets.  After  injection  with  0.5  cc.  of  pituitary 
extract  there  is  a  marked  increase  in  the  amount  of  feces  whicli  arc  of  a 
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TABLE  S 
Periodic  variation  in  output  of  urine  in  male  robbiU  following  injection  of  pituitary 
exlraeta.  Each  animal  wat  given  daily  SO  grama  of  carrots  and  ISO  cc.  of  roaier 
by  ttomack  lube.  The  water  and  the  pituitary  extract  were  given  at  the  beginning 
(8  a.m.)  of  the  experiment.  Injected  ammala  received  O.S  cc.  of  pituitary  extract 
■  lAc  utaneo  ual  y 
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TABLE  S-ConliH<i,i 
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semifluid  consistency.  This  excessive  amount  of  water  feces  accounts 
for  the  apparent  decrease  in  the  daily  urinary  output  found  in  some 
cases  after  injection.  An  example  of  this  is  seen  in  rabbits  13  and  18 
in  table  5. 

If  rabbits  are  injected  with  doses  of  1  cc.  or  more,  lar^e  masses  of 
semi-fluid  fecesare  thrown  off  in  five  to  ten  minutes  after  givingthe  water 
and  the  injection.  The  large  amount  of  water  given  was  not  the 
direct  cause  of  the  diarrhea  since  the  controls  passed  small  amounts  of 
feces  in  the  usual  pellet  form. 

The  effect  of  pituitary  extracts  on  absorption  was  tested  experi- 
mentally. The  results  indicate  that  there  is  a  retarding  of  absorption 
after  subcutaneous  injection  of  the  extract. 

In  order  to  avoid  the  possible  effect  of  the  anesthetic  on  the  rate  of 
absorption,  a  decerebrated  dc^  was  used  in  the  following  experiment. 

When  a  diuresis  was  produced  by  the  constant  intravenous  injection 
with  the  Woodyatt  injection  apparatus  of  150  cc.  of  0.9  sodium  chloride 
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there  may  be  a  vasoconstriction  in  minute  vessels  of  the  intestinal  wall 
thus  causing  a  delayed  absorption  and  incidentally  a  delay  in  the  diuresis. 
This  does  not  necessarily  rule  out  the  possibility  that  there  may  also 
be  a  simultaneous  vasoconstriction  in  the  kidney  which  is  also  a  factor 
in  retarding  the  diuresis. 

CONCLUSIONS 

1.  Subcutaneous  injections  of  pituitary  extract  do  not  alter  quan- 
titatively the  daily  output  of  urine  in  cats  and  rabbits,  nor  do  they 
cause  any  marked  variation  in  the  specific  gravity  of  the  urine, 

2.  The  subcutaneous  injection  of  pituitary  extracts  causes  a  delay 
of  seven  to  eight  hours  before  the  beginning  of  the  diuresis  which  fol- 
lows the  ingestion  of  large  amounts  of  water.  This  delay,  however, 
does  not  cause  any  variation  in  the  total  amount  of  urine  excreted  in 
twenty-four  hours. 

3.  The  delay  in  diuresis  which  is  produced  by. subcutaneous  injec- 
tion of  pituitary  extract  is  due  in  part  at  least  to  a  delayed  absorption 
from  the  alimentary  canal. 

4.  The  subcutaneous  injection  of  pituitary  extract  has  no  influence 
on  the  diuresis  induced  by  a  continuous  intravenous  injection  of  isotonic 
salt  solution. 
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INTRODUCTION 

Although  the  circulatory  failure  in  shock  has  been  most  extensively 
studied,  it  appears  that  the  sequence  of  dynamic  events,  particularly 
in  the  earlier  stages,  has  not  been  investigated  with  the  degree  of  detail 
possible  by  optically  recording  manometers.  Their  use  offers  the 
advantages  that,  without  resorting  to  extensive  operative  procedures, 
the  pressure  changes  in  the  auricles,  ventricles  and  arteries  may  be 
accurat^-ly  recorded.  With  the  knowledge  gained  from  foregoing  work 
(1)  as  to  how  individual  factors  of  the  circulation  can  modify  the 
details  of  the  optical  pressure  curves,  it  is  possible  by  studying  their 
modification  during  the  progress  of  circulatory  failure  in  shock  to  de- 
termine more  minutely  than  in  other  ways  the  dynamic  stages  taking 
place  in  the  circulation  from  time  to  time. 

Since  "exposure  of  the  intestines"  is  generally  considered  the  method 
"pV  excellence"  for  producing  experimental  shock  and  therefore  the  pro- 
cedure most  frefjuently  employed,  the  study  of  the  dynamic  sequence  in 
circulatory  failure  so  produced  is  alone  considered  in  this  investigation. 

EXPERIMENTAL    PROCEDURE 

The  fundamental  aim  of  this  research  was  to  analyze  the  consecutive 
changes  evident  in  optical  records  of  the  right  auricular,  right  ventric- 
ular and  central  arterial  pressures.  As  it  is  undesirable,  however,  to 
take  continuous  photographic  records  of  these  pressure  changes,  the 
mean  carotid  pressure  was  constantly  recorded  on  smoked  paper  as  a 
rough  index  of  the  circulatory  changes  and  the  "effective  venous  pres- 
sure" was  read  at  shortly  spaced  intervals  from  a  differential  water- 
manometer.  Such  a  manometer  is  obtained  when  the  fluid-filled  limb 
485 
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of  an  ordinary  water-manometer  is  connected  with  a  sound  inserted 
via  the  jugular  vein  into  the  auricle  and  the  air  column  of  the  other 
limb  is  connected  with  a  trocar  inserted  into  the  thoracic  cavity.'  At 
stated  intervals,  marked  on  the  smoked  drum  by  a  signal  electrically 
connected  to  the  photokymograph  when  the  shutter  opens,  50  cm.  of 
pressure  tracings  were  optically  recorded. 

After  a  period  of  preliminary  observation  under  light  ether  anesthesia, 
abdominal  shock  was  induced  in  the  following  way:  A  long  median 
abdominal  incision  was  tirst  made  through  the  skin  and  connective 
tissue.  After  studying  the  vascular  reaction  thus  induced,  the  incision 
was  extended  through  the  muscles  and  peritoneum.  Finally,  the  in- 
testinal loops  were  removed  and  spread  upon  the  abdomen  and  a  stream 
of  moist  air  allowed  to  blow  over  them  during  the  reminder  of  the 
experiment.  Experience  showed  that  circulatory  failure  is  more  evenly 
produced  without  manipulation  of  the  intestines  and  when  this  is 
indulged  in  it  acts  only  to  comphcate  the  dynamic  stages. 

ANALYSIS   OP  RESULTS 

The  progress  of  the  circulatory  failure,  as  expressed  by  the  changes 
in  mean  arterial  pressure  and  effective  venous  pressure,  by  the  changes 
in  heart  rate  and  respiration,  are  shown  in  a  typical  experiment  plotted 

■  CoTTtction.  While  casual  conaideratioD  led  to  the  impremioii  that  tbie  type 
of  manometer  would  offer  a  aimple  and  direct  method  of  reading  the  effective 
venouB  preBBure  in  absolute  tenns,  more  careful  reflection,  together  with  aub- 
sequent  experimeDtal  controls,  shows  that  the  effective  venous  pressure  cannot 
be  measured  absolutely  in  this  way.  This  is  due,  briefly,  to  the  fact  that  the 
pleural  cavity  is  virtual  and  not  real;  consequently  the  limited  quantity  td  air 
in  the  connecting  tubes  suffers  compression  and  rarefaction  as  the  fluid  level  in 
the  water  manometer  changes  with  the  intra-auricular  pressure.  This  makes 
the  reading  of  the  differential  manometer  considerably  higher  than  the  difference 
actually  existing  between  the  pressures  in  the  pleural  cavities  and  in  the  auricle. 
It  has  been  found,  however,  that  as  long  as  intrapleural  pressure  variations  do 
not. change  excessively,  due  to  modified  breathing,  the  flgures  so  obtained  follow 
the  directional  changes  of  effective  venous  pressure  although  they  are  not  pro- 
portional to  them.  Inasmuch  as  these  conditions  obtain  in  all  the  experiments 
reported  in  this  investigation,  the  values  plotted,  though  neither  absolute  nor 
proportional  as  regards  changes  in  effective  venous  pressure,  are  reliable  as  m- 
gards  its  directional  tendency.  This  error  is  unfortunate  in  the  fact  that  the 
absolute  variations  of  effective  venous  pressure  during  circulatory  failure  are  not 
available.  Since  the  directional  tendency  is  correctly  indicated,  however,  it 
does  not  invalidate  the  essential  conclusions  in  regard  to  the  dynamics  of  the 
circulation  in  this  form  of  circulatory  failure  here  described. 
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in  figure  1.     The  changes  are  in  accord  with  those  generally  recognized 
as  characteristic  of  circulatory  failure  in  shock. 

The  onset  of  circulatory  failure.  A  glance  at  the  results  presented  in 
this  chart  shows  that  while  the  preliminary  stage  of  the  experiment 
involving  the  abdominal  incision  and  removal  of  the  intestines  produces 
temporary  reactions  and  often  leaves  the  arterial  and  venous  pressures 
somewhat  low,  the  changes  are  not  sufficient  to  be  considered  as  even 
an  initial  stage  of  circulatory  failure.  After  these  operative  stages  have 
been  completed,  tracings  of  the  auricular,  ventricular  and  carotid  pres- 


Fig.  1.  Chart  showing  plotted  data  of  circulatory  stages  in  a  ease  of  abdominal 
shock  (enp.  C-157];-4,  operative  stage ;B,  initial  stage;  C,  effect  of  handling  in- 
testine; D,  progressive  stage;  E,  complete  circulatory  failure.  Roman  numerals 
in  lower  spaces  refer  approximately  to  times  nhen  optical  records  shown  in  figure 
2  were  recorded. 

sures  retain  all  the  details  that  we  regard  as  typical  of  normal  dynamic 
conditions  of  the  circulation  (fig.  2,7  to  IV). 

The  reactions  induced  by  the  preliminary  operative  procedures  are 
therefore  physiological  in  nature  and  probably  no  greater  than  occur 
in  many  reflex  effects  on  the  circulation  in  everyday  life.  Furthermore, 
vigorous  and  repeated  blows  upon  the  abdomen  with  a  wooden  mallet 
were  found  to  initiate  no  more  than  a  temporary  disturbance  of  the 
vascular  system  in  every  respect  similar  to  that  produced  by  opening 
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the  abdomeD  aod  never  followed  by  a  condition  that  could  by  any 
stretch  of  the  imagination  be  referred  to  as  "circulatory  failure." 
Circulatory  failure  in  abdominal  shock,  therefore,  sets  in  only  after  the 
inleslines  have  been  exposed  to  the  air  for  some  time.  In  the  detailed 
analyses  of  records,  however,  we  must  consider  carefully  the  possible 
bearings  of  these  preliminary  reactions  upon  the  subsequent  develop- 
ment of  shock. 

Effect  of  operative  procedures  on  the  circulatiim.  Under  light  anesthesia 
the  first  incision  through  the  skin  and  fascia  of  the  abdominal  wall 
produces  a  temporary  cessation  or  diminution  of  the  respirations,  associ- 
ated with  a  temporary  fall  of  arterial  pressure.  The  effective  venous 
pressure  is  unaffected.  From  this  reduced  state  of  arterial  pressure 
recovery  is  complete.     Upon  then  extending  the  incision  through  the 


•s 


Fig.  3.  {One-half  actual  siie).  Three  seginentfl  of  optical  arterial  tracings 
taken  before  (/),  during  (//)  and  after  abdominal  incision  (III),  (exp.  C-I62), 
■howing  the  effect  of  cardiac  inhibition  on  pressure  variations:  a,  b,  p  eliminuy 
vibrations;  6,  c,  d,  primary  vibration;  d,  e.  systolic  summit; «,/,  inciaura;/,  g,  af tor- 
vibrationa;  n,  A,  diastolic  period. 

abdominal  muscles  and  peritoneum  the  arterial  pressure  again  falls  in 
a  similar  manner  but  does  not  recover  completely.  The  effective  .ve- 
nous pressure  is  often  lowered  slightly  (fig,  1), 

An  analysis  of  the  kymograph  records  (fig.  1)  corroborated  by  the 
more  exact  optical  tracings  of  the  carotid  pressure  (fig.  3)  shows  that 
the  predominant  cause  of  the  blood  pressure  decline  was  a  moderate 
refiex  cardiac  inhibition  which  was  temporary  after  the  skin  incision 
but  often  became  permanent  after  the  peritoneal  incision.  The  slight 
decrease  in  venous  pressure  was  no  greater  than  could  be  directly  ac- 
counted for  by  the  removal  of  the  intra-abdominal  pressure  upon  the 
abdominal  veins  and  it  is  very  doubtful  whether  the  venous  pressure 
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was  sufficiently  impaired  to  affect  the  systolic  discbai^e  appreciably. 
As  a  rule,  this  reflex  cardiac  inhibition  left  the  arterial  pressure  at  a 
level  not  far  from  but  somewhat  below  normal,  but  in  two  instances 
it  became  so  marked  that  the  pressure  fell  very  nearly  to  the  critical 
level.  It  should  be  added  that  this  reflex  inhibition  was  obtained  only 
when  the  heart  rate  was  rapid  on  account  of  the  anesthesia  and  was 
absent  whenever  the  heart  was  already  slow,  due  to  high  vagal  tonus 
(e.g.,  after  morphine).  Nor  was  it  present  when  the  reflex  arc  was 
depressed  either  at  the  vagal  terminals  by  atropine  or  centrally  by  deep 
anesthesia.  It  is  therefore  questionable  whether  this  reflex  inhibition 
comes  into  play  at  all  in  man  when  vagal  control  is  already  established. 
We  may  accordingly  begin  our  analysis  as  to  the  real  initiation  of  the 
circulatory  failure  in  shock  at  this  stage  of  the  experiment. 

Initial  stages  of  circulatory  failure  in  abdominal  shock.  Upon  con- 
tinued exposureof  the  intestines  to  the  air,  circulatory  failure  is  initiated. 
As  shown  in  the  chart  of  figure  1,  the  first  gross  dynamic  change  occurred 
within  the  first  half  hour  and  consisted  in  a  slight  fall  of  mean  arterial 
pressure.  During  this  time  the  effective  venous  pressure  remained 
unchanged  or  increased  gradually  if  the  cardiac  rate  remained  unaltered 
(fig.  1).  A  careful  study  of  the  optical  arterial  tracings  taken  during 
the  first  half  hour  following  exposure  of  the  intestines,  indicates  clearly 
that  this  must  be  considered  as  the  initial  stage  of  circulatory  failure 
even  though  the  eff'ective  venous  pressure  does  not  alter  or  even  in- 
creases and  the  mean  pressure  has  fallen  only  to  a  small  extent  (Cf. 
note  2,  page  493).  These  changes  are  well  shown  in  segments  V  to 
IX  of  figure  2  which  correspond  to  numerals  indicated  on  the  chart  of 
figure  1 .  Owing  to  the  laiger  amplitude  of  curves,  they  are  shown  even 
in  better  detail  in  the  segments  of  another  experiment  reproduced  in 
figure  4.  In  this  experiment,  twenty-four  minutes  after  the  intestines 
were  removed  the  venous  pressure  was  practically  equal  to  that  before 
removal  and  the  arterial  pre,ssure  had  fallen  only  from  128  to  108, 
not  an  abnormal  level  of  mean  pressure-  A  comparison  of  the  last 
three  segments,  taken  at  ten  minute  intervals,  with  the  first  segment 
obtained  immediately  after  removal  of  the  intestines,  shows  clearly 
that  a  definite  reaction  had  been  inaugurated  in  the  vascular  system. 
The  preliminary  vibration  (a  to  6)  has  practically  disappeared;  the  pri- 
mary oscillation  (6,  c,  d)  is  much  larger  and  the  systolic  summit  (d  to  e) 
gradually  changes  from  an  ascending  to  a  horizontal  and  then  to  a 
descending  plateau.  The  pressure  at  the  beginning  of  diastole  (g) 
is  much  lower  and,  in  spite  of  the  lower  pressure  level,  the  gradient  of 
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the  diastolic  limb  {g,  A)  is  much  steeper.  Suck  signs  are  indicative  of  a 
diminished  dixteniion  of  the  large  arterial  trunks.  It  is  evident  that  the 
actual  level  of  the  meau  pressure,  aa  recorded  by  a  damped  mercury 
manometer,  is  no  indicator  of  the  important  dynamic  changes  that  have 


Fig,  4.  (One-third  actual  aize).  Four  seftmente  of  optical  arterial  trarinKS 
showing  essential  changes  in  arterial  prefigure  variationB  in  initial  alane  of  eir- 
cnlatory  failure  when  mean  arterial  pressure  had  fallen  only  slightly.  Letters 
the  same  as  before  (exp.  C-I56):  /,  normal;  //,  atler  opening  al>domen  and  in- 
testinal exposure;  ///,  ten  minutes  later;  /I',  twenty  minutes  later. 
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Fig.  5,  (Two-fifths  acliial  size).  Segments  of  optical  arterial  tracings 
during  initial  and  progressive  stages  of  shock  (exp.  C-I47).  Letters  same  as 
before:  /.  after  opening  alKlomcn;  //,  during  initial  stage;  lf[.  during  progres- 
sive stage;  />',  after  elevating  animal  board;  V,  immediately  after  2.5  grains 
sodium  nitrite;  \'l,  two  minutes  later. 


already  taken  place,     f^vidently,  two  factors  tend  to  keep  the  mean 
.  pressure  up  in  this  case — the  greater  Hing  of  the  blood  column,  as  indi- 
cated by  the  primary  wave,  and  the  abbreviation  of  dia.sto)c  due  to  the 
cardiac  acceleration. 
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Similar  results  are  obtained  in  other  conditions.  Thus,  when  the  aortic  valves 
are  suddenly  rendered  incompetent,  the  mean  pressure  sometimes  undergoes  do 
alteration  or  at  most  a  very  slight  fall  in  spite  of  the  most  pronounced  alterations 
indicated  in  the  optical  curves.  When  amyl  nitrite  is  inhaled  the  mean  carotid 
pressure  may  show  no  alteration  or  a  rise,  observations  that  have  erroneously 
been  attributed  either  to  an  irrejcular  reaction  of  the  animal  by  vasoconstriction 
or  to  the  use  of  inferior  drugB.  Optical  records  show  evidence  of  distinct  vaao- 
dilation.  In  these  coses  also  the  mean  pressure  is  prevented  from  falling  by  the 
same  factors  as  we  have  in  shock— the  cardiac  acceleration  and  the  greater  throw 
of  the  blood  column  in  the  less  distended  arteries. 

Two  factors  may  account  for  the  diminished  distention  of  the  arterial 
trunks  in  the  early  phase  of  circulatory  failure— a  decreased  total  re- 
sistance and  a  reduced  minute  output  of  the  left  ventricle.  In  favor 
of  the  former  are  (1)  the  observation  of  the  engorged  intestinal  vessels; 
(2)  the  more  rapid  decline  of  the  diastolic  limb  of  the  putse  curve  even 


Fig.  6.  (Two-fifths  actual  size).  Segments  of  optical  right  intraventricular 
pressure  curves  in  different  stages  of  circulatory  failure:  o,  b,  auricular  systole; 
6,  c,  isometric  period;  c,  c,  systolic  ejection  phase  (exp.  C-IBO).  /,  normal  before 
operation  on  abdomen;  II,  after  exposure  and  manipulation  of  intestines,  initial 
stage;  ///,  late  portion  of  progressive  phase. 

though  the  pressure  at  the  onset  of  diastole  is  much  below  normal; 
and  (3)  the  fact  that  identical  curves  are  obtained  after  the  use  of 
nitrites.  Against  the  latter  assumption  are  the  high  and  often  unaf- 
fected effective  venous  pressure  and  the  accelerated  heart  rate  which, 
on  the  basis  of  Henderson's  work  (2),  may  be  anticipated  to  augment 
the  minute  output.  Furthermore,  the  gradient  of  the  ascending  limb 
of  the  intraventricular  pressure  curve,  which  occurs  during  the  isometric 
phase  of  cardiac  contraction,  remains  unaltered  even  when  venous 
pressure  has  actually  become  somewhat  reduced.  This  is  well  shown  in 
the  first  two  segments  of  figure  6.  In  this  experiment,  fifty  minutes  after 
exposure  of  the  intestine  the  right  ventricular  pressure  curves,  though 
smaller  in  amplitude,  show  no  alteration  of  the  gradient  of  the  ascending 
limb  (b  to  c)  and  the  semilunar  valves  open  (c)  at  the  same, level  from  the 
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base  line.  Only  the  slope  of  plateau  (d,  e)  is  modified.  Yet  at  this 
time  the  effective  venous  preseure  had  fallen  about  10  ram.  of  saline. 

There  is,  therefore,  no  evidence  that  the  diminished  distention  of  the 
arterial  trunks,  which  produces  but  a  slight  reduction  of  the  mean 
pressure  but  pronounced  changes  in  the  optical  tracings,  is  due  to  a 
decreased  minute  output  of  the  heart,  but  distinctly  favors  the  view  that 
circulatory  failure  is  initiated  by  reduced  total  resistance,  presumably 
in  the  abdominal  vessels. 

The  thought  at  once  occurs  to  one:  How  is  it  possible,  with  a 
reduction  of  peripheral  arterial  resistance  and  the  consequent  accumula- 
tion of  blood  in  the  abdominal  vessels,  that  the  effective  venous  pres- 
sure can  remain  normal?  Yet  this  is  apparently  the  case,  not  only 
in  the  early  stages  of  abdominal  shock  but  in  the  most  intense  vaso- 
dilation it  has  been  possible  to  produce  by  the  use  of  nitrites.  Aug- 
mented breathing  and  greater  negative  pressure  variation  within  the 
thorax  might  be  thought  of,  did  this  not  happen  even  when  respirations 
are  entirely  unchanged  or  are  smaller  and  slower. 

A  record  of  the  intra-auricular  pressure  in  such  experiments  shows 
that  the  stability  of  the  venous  pressure  is  virtual  and  not  real.  It 
indicates,  moreover,  that  an  even  finer  conception  of  the  relation  be- 
tween venous  pressure  and  ventricular  ejection  is  necessary  than  that 
stated  by  Henderson  and  Barringer  (3).  The  differential  water-ma- 
nometer, as  used,  is  a  mean-pressure  recording  device  capable  of  indi- 
cating only  the  respiratory  variations  with  any  degree  of  accuracy. 
The  pressure  in  the  larger  veins  and  auricles,  like  the  arterial  pressure 
is  never  constant  but  is  always  changing.* 

The  normal  variations  occurring  in  the  auricle  have  been  recorded 
by  optical  manometers  and  described  by  Piper  (4),  Garten  and  Weber 
(5)  and  the  writer  (6).  They  are  also  shown  in  segment  I,  figure  7. 
The  pressure  both  rises  and  falls  during  auricular  systole  (a,  6,  c)  and 
the  fall  is  continued  into  that  portion  of  auricular  diastole  comprised 
by  the  inter-systolic  interval  (c,  e).  With  the  onset  of  ventricular 
contraction  (d)  the  pressure  is  abruptly  elevated  or  lowered,  differing 

'  The  fact  may  be  emphuised  that  nieaa  presaure  doea  not  exist  in  any  p&rt 
of  the  vascular  Hystetn.  Theoretically  it  is  a  mathematical  average  of  the  JD- 
dividiial  pressure  fluctuations.  Practically,  it  is  the  presaure  recorded  by  a  very 
iaefficient  manometer  which  unfortunately  rarely  agrees  with  our  theoretical 
figure.  In  the  arteries  it  bears  a  variable  relatioo  to  the  systolic  and  diastolic 
pressures,  depending  on  many  circulatory  factors  which  it  is  hoped  someday  to 
make  the  subject  of  a  separate  ci 
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apparently  in  different  animals.  During  the  period  of  ventricular 
contraction  {d,  e)  the  pressure  rises  slowly  and  during  the  ventricular 
diastole  it  falls  more  or  less  until  the  next  auricular  systole.  It  is 
the  height  of  the  effective  pressure  at  the  mmnent  that  the  a-v  valves  open 
(e)  which  determines  the  diastolic  ventricular  filling;  while  the  depth  to 
which  the  pressure  falls,  in  the  common  auriculo-ventricular  cavities,  just 
previous  to  ventricular  systole  (d)  determines  the  volume  and  force  of 
blood  ejected  by  the  venincle-i,  tersely  expressed  as  the  ventricular  efficiency. 
If  we  follow  the  changes  in  auricular  pressure  during  the  early  stage  of 
shock  (segments  /  to  IV,  figure  7)  it  is  found  that  exposure  of  the  in- 
testines alone  reduces  the  return-flow  of  blood,  as  indicated  by  the 


Fig,  7.  (Two-flfths  actual  aize).  SegmeotB  of  optical  curves  of  right  auriC' 
ular  pressure  during  different  stages  ot  circulatory  failure  (exp.  C-158);  a,  b,  e 
auricular  aystole;  r,  d,  intersystolic  period;  d,  e,  ventricular  systole;  e,  a,  ventric 
ular  diastose;  /,  normal;  //,  after  skin  incision;  ///,  after  intestinal  exposure, 
initial  stage;  IV-V,  progressive  stages  of  shock;  VI,  complete  circulatory  failure. 

slower  rise  of  pressure  from  rf  to  e  (segment  ///).  This  is  more  than 
counteracted,  however,  by  a  greater  pressure  in  some  manner  produced 
by  auricular  contraction  (a,  b)  in  consequence  of  which  not  only  the 
general  level  of  the  curve  is  higher  but  the  effective  pressure  and  the 
initial  pressure  for  ventricular  contraction  (d)  is  also  higher.  As  long 
as  the  volume  of  blood  returned  to  the  auricles  is  not  reduced  too  much 
these  compensatory  mechanisms  are  able  to  counteract  the  effects 
that  would  otherwise  be  produced  by  a  deficient  return  of  blood.  By 
studying  the  finer  details  recorded  by  optical  apparatus  we  can  ap- 
preciate why  the  mean  effective  pressure  can  remain  unaltered  or  even 
increase  in  spite  of  the  fact  that  the  return-flow  of  blood  is  partially 
reduced. 

The  stage  of  progressive  circulatory  failure.  The  stage  of  progressive 
circulatory  failure  extends  from  the  initial  stage  to  the  time  that  the 
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mean  pressure  passes  below  50  mm.  of  mercury.  This  figure  has  been 
arbitrarily  selected  by  most  experimenters  as  critical  because  it  is 
difficult,  by  known  methods,  to  restore  the  pressure  to  normal  for  any 
length  of  time  when  it  has  fallen  below  this  level.  The  duration  of 
this  stage  is  variable,  extending,  in  my  experience,  from  thirty  minutes 
to  four  hours.  The  general  features  are  shown  in  the  experiment  plot- 
ted in  figure  1.  In  this  experiment  the  arterial  pressure  fell  within  one 
and  one-half  hours  after  intestinal  exposure  to  50  mm.  This  was 
accompanied  by  a  rapidly  progressing  fall  of  the  effective  venous 
pressure.  The  heart  accelerated.  This  is  typical  when  vagus  tonus 
is  present  at  the  beginning.  The  respirations  increased  in  rate  and 
amplitude. 

The  optical  arterial  pressure  curves  recorded  during  this  stage  become 
progressively  smaller  in  amplitude  and  the  features  characteristic  of  a 
great  depletion  of  the  arterial  trunks  become  more  pronounced.  This 
transformation  is  shown  in  segments  X  to  XIX,  figure  2,  taken  from 
the  same  experimpnt  that  is  plotted  in  figure  1.  They  are  also  shown 
in  the  six  segments  of  figure  5.  If  we  compare  segment  III  of  this 
figure  taken  during  the  stage  of  progressive  failure,  with  the  normal, 
shown  in  segment  /,  we  find  that  the  complex  central  arterial  pressure 
curve,  normally  present,  is  transformed  to  a  curve  with  a  very  simple 
contour.  The  incisura  {e,  f)  is  less  abrupt  and  is  followed  by  a  slow 
instead  of  a  sharp  rise  (/,  g)  which  results  in  the  appearance  of  a  dicrotic 
wave  in  the  central  pulse. 

Recovery  of  the  mean  pressure,  and  in  a  certain  measure  of  the  typical 
form  of  the  pressure  tracing,  was  attained  by  increasing  the  venous 
pressure  by  tilting  the  animal  board  upward  at  an  angle  of  approxi- 
mately 30°.  The  changes  are  shown  in  figure  5,  segment  IV.  When 
the  pressure  was  thus  restored,  2)  grains  of  sodium  nitrite  were  given 
intravenously.  Thereupon  the  mean  pressure  fell  to  47  mm.  mercury 
and  the  heart  accelerated.  The  pulse  contour  during  the  early  period 
of  the  pressure-fall  is  shown  in  figure  5,  segment  V.  It  is  characterized 
by  a  rapid  rise,  mounting  to  a  sharp  peak;  followed  by  a  rapid  systohc 
decline.  The  incisura  (e.f.),  which  can  scarcely  be  differentiated  from 
this  fall,  is  again  followed  by  a  dicrotic  wave.  During  the  depth  of  the 
mean  arterial  pressure  fall  the  chief  characteristics  of  the  previous 
optical  tracing  are  retained,  except  that  the  amphtude  is  smaller  and 
the  incisura  deeper.  The  pressure  line  during  the  short  diastole  is 
practically  horizontal  (fig.  5,  seg.  VI). 
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The  facts  (1)  that  the  mean  pressure  and  the  normal  contour  of  the 
central  pulse  can  in  a  measure  at  least  be  restored  by  increasing  venous 
pressure,  and  (2)  that  the  peripheral  vessels  are  still  capable  of  dilating 
in  reaction  to  vasodilator  drugs,  indicate  that  the  progressive  deficiency 
in  the  arterial  volume  during  this  stage  is  predominantly  due  to  low 
venous  pressure.  This  is  also  corroborated  by  the  changes  in  intra- 
auricular  and  intraventricular  curves  obtained  during  this  stage  of 
circulatory  failure.  As  seen  in  figure  7,  segments  V  and  VI,  the  pres- 
sure within  the  auricle  rises  less  and  less  during  ventricular  systole, 
finally  remaining  absolutely  horizontal  except  when  auricular  contrac- 
tion causes  an  elevation.  In  consequence,  the  initial  pressure  within 
the  ventricle  decreases  and  the  intraventricular  pressure  curve,  as  shown 
in  figure  6,  segment  ///,  shows  a  small  gradual  rise  during  the  isometric 
period  and  a  rounded  contour  during  the  ejection  period,  both  char- 
acteristic of  low  initial  pressure  (I). 

Stage  of  complete  drculalory  failure.  When  complete  circulatory 
failure  had  been  established  the  effective  venous  pressure  was  extremely 
low;  the  heart  began  to  slow  and  thereby  further  reduced  the  minute 
output  of  the  left  ventricle.  The  impression  is  gained  from  these  experi- 
ments that  this  is  the  final  cause  of  circulatory  failure  in  shock. 

The  progressive  changes  in  the  optical  arterial  tracings  during  this 
stage  are  shown  in  figure  2,  segments  XIX,  XXVIII.  The  pulse  form 
is  always  of  a  very  simple  type  and  resembles  the  peripheral  pulse  in 
normal  animals.  The  rise  is  more  gradual  and  the  pressure  falls  mark- 
edly during  the  later  systolic  period.  There  is  no  sharp  incisura  and 
the  pressure  at  the  beginning  of  diastole  is  very  low  and  decreases  very 
little  during  the  diastolic  period.  Evidently,  the  peripheral  flow 
entirely  ceases  during  diastole  and  is  limited  to  the  period  of  systole. 

Effect  of  handling  the  intestines.  The  sequence  of  dynamic  changes 
here  discussed  follows  when  handling  of  the  intestines  during  the  course 
of  the  experiment  is  reduced  to  a  minimum.  The  act  of  manipulation 
was  found  to^cause  a  variety  of  reactions  in  different  animals.  In  some 
cases,  as  charted  in  figure  I,  it  caused  a  temporary  reduction  of  arterial 
pressure  accompanied  by  a  decreased  venous  pressure.  The  optical 
arterial  pulso  shows  an  essential  difference  in  that,  during  the  diastolic 
period,  the  pressure  line  remained  practically  horizontal  (fig.  2,  cf. 
seg.  X  and  XI).  From  this  state  the  mean  arterial  pressure,  as  well 
as  the  contour  of  the  pulse  curve,  recovered  but  the  venous  pressure 
often  remained  low.  Apparently,  the  dynamic  changes  arc  associated 
with  direct  vascular  effects  produced  by  mechanical  irritation.     Hand- 
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ling  was  sometimes  accompanied  by  reflex  cardiac  inhibition,  in  which 
case  the  mean  arterial  pressure  fell  markedly  without  any  alteration 
of  the  effective  venous  preseure.  Such  effects  were  temporary,  as  a  rule, 
and  did  not  persist  even  when  handling  was  long  continued.  In  other 
cases  intestinal  manipulation  caused  an  increase  in  rate  and  depth  of 
respiration  and  a  marked  elevation  of  arterial  pressure  due  to  a  removal 
of  cardiac  inhibition  and  consequent  acceleration  of  the  heart. 

BUUllARY   AND   DISCUSSION   OF   RESULTS 

The  course  of  the  circulatory  failure  in  abdominal  shock  may  be 
divided  into  three  stages: 

1.  The  inilial  stage,  lasting  about  thirty  minutes  after  intestinal 
exposure,  during  which  effective  venous  pressure  and  cardiac  discharge 
are  apparently  not  appreciably  reduced  but  the  arterial  pressure,  as 
recorded  precisely  shows  distinct  alterations  not  adequately  indicated 
by  mean  pressure  manometers. 

2.  Tfi€  progresmve  stage,  lasting  two  to  four  hours,  during  which  effec- 
tive venous  pressure  falls  progressively,  cardiac  efficiency  is  impaired 
and  the  arterial  pressure  falls  toward  a  low  level.  The  heart  usually 
accelerates. 

3.  Complete  circulatory  failure,  marked  by  a  prolonged  period  during 
which  effective  venous  pressure  has  reached  its  lowest  level  and  the 
arterial  pressure  slowly  falls  further  until  death  supervenes.  During 
this  stage  cardiac  slowing  usually  takes  place. 

A  careful  study  of  the  optical  tracings  of  arterial,  intraventricular  and 
auricular  pressures,  accompanied  by  constant  readings  of  the  mean 
arterial  and  effective  venous  pressures  during  these  stages,  corroborates 
the  conclusion — in  the  ascendency  at,  the  present  time — that  the 
decreased  venous  pressure  and  consequent  reduction  in  minute  output  ia 
the  predominate  factor  in  the  pronounced  fall  of  arterial  pressure  during  the 
progressive  stage  of  shock.  The  dynamics  of  the  circulation  indicate 
clearly,  however,  that  a  reduction  in  peripheral  arterial  resistance  initi- 
ates the  fall  of  arterial  pressure  and  the  diminished  filling  of  the  arterial 
trunks  before  the  effective  venous  pressure  and  cardiac  discharge  are 
reduced. 

The  r61c  that  a  diminished  arterial  resistance  plays  in  the  circulatory 
failure  is  therefore  directly  established  for  the  first  time.  Hitherto, 
evidence  regarding  the  state  of  peripheral  resistance  in  shock  has 
necessarily  been  inferred  from  the  state  of  the  peripheral  vessels. 
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Although  vasodilation  following  vasomotor  exhaustion  has  been  sug- 
gested as  a  cause  of  circulatory  failure  in  shock  by  Keen,  Weir  Mitchell 
and  Morehouse  (7)  in  1864  and  received  experimental  support  from 
Fisher  (8)  in  1870  and  from  Crile  (9)  in  1899,  the  bulk  of  subsequent 
work  has  failed  to  confirm  the  hypothesis  that  peripheral  resistance  in 
shock  is  reduced.  The  experiments  of  Seelig  and  Lyon  (10),  of  SeelJg 
and  Joseph  {11),  Morrison  and  Hooker  (12),  Muns  (13),  Guthrie  (14) 
and  others,  in  fact,  indicate  that  the  resistance  in  the  peripheral  vessels, 
on  the  contrary,  is  increased.  The  experiments  of  Bartlett  (15)  and 
Erlangcr,  Gesell,  et  al.  (16),  however  point  to  a  reduced  vascular  tone. 
In  view  of  such  results,  the  tendency  of  the  present  time  is  to  favor  the 
view  that  a  reduction  in  peripheral  resistance  plays  no  part  in  the 
failure  of  the  circulation  in  shock  (cf.  Henderson  (17) ). 

With  the  direct  demonstration  in  these  exporiments  that  a  reduction 
of  peripheral  resistance  occurs  it  is  important  to  recall  that  the  total 
resistance  offered  to  the  exit  of  blood  from  the  arterial  trunks  is  not 
entirely  controlled  a,  by  the  state  of  arterial  tone  but  may  be  modified; 
also  b,  by  the  caUbcr  of  the  capillaries;  c,  by  the  "head  on"  pressure  in 
the  peripheral  veins;  rf,  by  variations  in  extra  vascular  support;  and  e, 
by  the  viscosity  of  the  blood.  Furthermore,  the  total  peripheral 
resistance  is  determined  by  the  combined  resistances  in  all  the  periph- 
eral branches.  It  is  therefore  quite  conceivable  that  the  arterioles 
in  the  organs  specifically  subjected  to  trauma  dilate  and  that  a  compen- 
satory constriction  occurs  in  other  organs  not  so  affected,  in  which  case 
the  total  resistance  to  the  aortic  blood  might  still  be  reduced. 
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Lavoisier,  shortly  after  hia  discovery  that  oxygen  supported  combus- 
tion, showed  that  food,  work  and  cold  increased  oxidation  in  the  body. 
Rubner  (1)  showed  that  of  the  foodstuffs,  meat  ingestion  increased 
oxidation  most,  fat  next  and  sugar  least.  Investigations  have  also 
been  carried  out  to  determine  the  stimulating  effect  of  the  different 
amino  acids  and  of  the  sugars  on  mctaboUsui,  and  it  has  been  found  that 
the  different  amino  acids  as  well  as  the  different  sugars  vary  greatly 
in  this  respect.  Lusk  (2)  found,  for  example,  that  the  ingestion  of 
glycocoll  and  alanin  greatly  increased  heat  production,  leucin  and 
tyrosin  increased  it  very  little  while  glutaminic  acid  was  without  effect. 
Several  theories  have  been  advanced  in  attempts  to  explain  how  food 
increases  oxidation  in  the  body.  For  discussion  and  literature  on  the 
subject  consult  Lusk,  The  -Science  of  Nutrition,  1917;  Dakin,  Oxida- 
tions and  Reductions  in  the  Animal  Body ,  1912;* and  Kastle,  The  Oxidases, 
Bulletin  59,  1910,  Hygienic  Laboratory,  Washington,  D.  C. 

We  (3)  have  shown  that  when  oxidation  is  increased,  as  for  example, 
by  increasing  the  amount  of  work,  by  thyroid  feeding,  by  fighting,  in 
the  excitement  stage  of  anaesthesia  there  occurs  a  corresponding  in- 
crease in  catalase,  and  that  when  oxidation  is  decreased,  as  for  example, 
by  decreasing  the  amount  of  work,  by  starvation,  by  phosphorus  poi- 
soning, in  deep  narcosis,  in  "sui^ical  shock,"  or  rendered  defective  as 
in  pancreatic  diabetes,  there  occurs  a  corresponding  decrease  in  catalase. 
From  these  results  it  was  concluded  that  it  is  probable  that  catalase,  an 
enzyme  found  in  the  tissues  and  possessing  the  property  of  liberating 
oxygen  from  hydrogen  peroxide,  is  involved  in  the  oxidative  processes, 
possibly  in  the  manner  suggested  by  Bach  and  Chodat.  The  object 
of  the  present  investigation  was  to  determine  if  the  ingestion  of  food 
increases  the  catalase  of  the  tissues  and,  if  so,  how  this  is  brought  about. 
D(^  were  used  in  the  investigation.     The  experiments  were  begun  by 
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depriving  the  animals  of  food  for  twenty-four  hours.  At  the  end  of 
this  time,  300  cc.  of  a  peptic  digest  were  introduced  into  the  stomach 
of  each  animal  by  means  of  a  stomach  tube,  and  100  grams  offinely 
ground  lean  steak  were  given  also.  The  digest  was  made  by  adding 
50  grams  of  a  commercial  preparation  of  pepsin  to  75  grams  of  finely 
ground  lean  beef  in  300  cc.  of  0.5  per  cent  hydrochloric  acid  solution. 
The  mixture  was  permitted  to  stand  in  a  thermostat  at  40°C.  for  twenty- 
four  hours.  Previous  to  the  introduction  of  the  digest  into  the  stomach 
of  the  animals  at  least  two  determinations  were  made  of  the  catalase 
of  the  blood  taken  from  the  external  jugular  vein.  After  the  intro- 
duction of  the  digest  the  determinations  of  the  catalase  of  the  blood  were 
also  made  at  intervals  of  thirty  minutes.  The  det«nninations  were 
made  by  adding  0.5  cc.  of  blood  to  50  cc.  of  hydrogen  peroxide  in  a  bottle 
at  22°C.  and  as  the  oxygen  gas  was  liberated,  it  was  conducted  through 
a  rubber  tube  to  an  inverted  burette  previously  filled  with  water.  After 
the  volume  of  gas  thus  collected  in  ten  minutes  had  been  reduced  to 
standard  atmospheric  pressure,  the  resulting  volume  was  taken  as  a 
measure  of  the  amount  of  catalase  in  the  0.5  cc.  of  blood.  The  material 
was  shaken  at  a  fixed  rate  of  one  hundred  and  eighty  double  shakes  per 
minute  during  the  determinations. 

In  figure  1,  curve  1  was  constructed  from  data  obtained  from  a  dog 
previous  to  and  after  the  administratioo  of  300  cc.  of  a  peptic  digest. 
The  figures  along  the  abscissa  indicate  time  in  minutes  while  the 
figures  along  the  ordinate  represent  the  amounts  of  catalase  measured 
in  cubic  centimeters  of  oxygen  liberated  from  hydrogen  peroxide  in 
ten  mbiutes  by  0.5  cc.  of  blood.  It  will  be  seen  that  0.5  cc.  of  the 
samples  of  blood  taken  previous  to  the  introduction  of  the  digest  liber- 
ated 42  and  42  cc.  of  oxygen  respectively;  that  thirty  minutes  after  the 
digest  was  introduced,  the  blood  liberated  48  cc.  of  oxygen;  that  sixty 
minutes  later,  it  liberated  55  cc.  of  oxygen;  after  ninety  minutes,  52  cc, 
and  after  one  hundred  and  twenty  minutes,  50  cc.  It  will  be  seen  from 
this  curve  that  the  effect  of  the  digest  was  to  increase  the  catalase  of  the 
blood  during  the  first  hour  by  about  30  per  cent,  while  during  the 
second  hour  it  was  decreased.  Curve  2  was  constructed  from  data 
obtained  in  a  similar  manner  as  was  that  for  curve  1,  except  this  dog 
vomited  the  digest  shortly  after  it  was  introduced.  Curve  3  waaob- 
taincd  from  a  normal  dog  without  the  administration  of  anything. 
Curve  4  was  obtained  from  a  poorly  fed  dog.  This  dog  was  not  at  all 
particular  about  its  food,  eating  everything  that  was  given  to  him. 
Previous  to  and  after  the  introduction  of  the  digest,  he  gnawed  on  bones 
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continuously  except  at  the  timea  when  the  blood  was  taken  from  the 
external  jugular.  It  will  be  seen  that  the  catalase  of  the  blood  of  this 
.  animal  was  increased  by  about  160  per  cent  one  hourafter  the  intro- 
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Fig.  1.  Curves  ghowing  effect  of  food  od  the  cataltiee  content  of  the  blood. 
The  figures  along  the  abscissa  (0  to  ^0)  indicate  time  in  nunut«B,  while  the 
figures  along  the  ordinate  (0  to  55)  represent  amounta  of  catalase  indicated  in 
cubic  centimeters  of  oxygen  liberated  from  hydroKen  Qeroxide  in  ten  minutes 
by  0.5  CO.  of  blood. 
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duction  of  the  digest,  and  that  it  had  returocd  practically  to  the  normal 
two  and  a  half  hours  later.  The  low  catalase  of  the  blood  of  this  dog  is 
attributed  to  poor  nutrition.  These  results  show  that  food  increases 
the  catalaso  of  the  blood  and  hence  of  the  tissues,  parallel  with  the 
increase  produced  in  oxidation. 

The  second  part  of  this  paper  is  concerned  with  determining  how  the 
infcostion  of  food  produces  an  increase  in  catalase  with  resulting  increase 
in  oxidation.  The  digests  used  in  the  preceding  experiments  were 
tested  for  catalase  and  found  to  be  negative,  so  the  increase  in  the  cata- 
lase of  the  blood  could  not  have  been  due  to  catjlase  contained  in  the 
absorbed  material.  Furthennore,  the  contents  of  the  stomach  were 
also  found  to  contain  very  httic  or  no  catalase,  hence  the  increase  in 
the  catalase  of  the  blood  produced  by  the  food  must  have  been  due  to 
the  stimulation  of  some  organ  or  organs  to  an  increased  output  of  this 
enzyme.  We  had  already  found  that  the  introduction  of  alcohol  into 
the  stomach  of  an  animal  greatly  increased  the  catalase  of  the  blood,  and 
for  this  reason  alcohol  was  the  stimulant  used  in  our  attempts  to  de- 
termine what  organ  or  organs  are  responsible  for  the  output  of  catalase 
into  the  blood. 

All  the  curves  in  figure  2  except  curves  6  and  8  were  constructed  from 
data  obtained  from  dogs  previous  to  and  after  the  administration  of 
alcohol.  Curve  1  was  constructed  from  data  obtained  from  three  dogs 
whose  Uvers  had  been  cut  out  of  the  circulation  by  means  of  Eck 
fiatulae  and  by  the  ligation  of  the  hepatic  arteries;  curve  2,  after  the 
extirpation  of  the  pancreas  and  spleen  of  two  dogs;  curve  3,  from  a  dog 
into  whose  stomach  150  cc.  of  45  per  cent  ethyl  alcohol  had  been  in- 
troduced through  the  walls  of  the  stomach  by  means  of  a  hypodermic 
needle  after  tying  a  ligature  around  the  pyloric  sphincter,  thus  pre- 
venting the  passage  of  the  alcohol  into  the  intestines;  curve  4,  from  a 
normal  dog  into  whose  stomach  alcohol  was  introduced  by  means  of 
a  stomach  tube;  curve  5,  after  the  extirpation  of  the  pancreas;  curve  6, 
from  a  normal  animal  without  the  administration  of  anything;  curve  7, 
from  two  dogs  into  whose  intestines  150  cc.  of  alcohol  had  been  intro- 
duced through  the  walls  of  the  intestines  by  means  of  a  hypodermic 
needle  after  a  ligature  had  been  tied  around  the  pyloric  sphincter  to 
prevent  the  passage  of  the  alcohol  into  the  stomach;  curve  8,  from  a 
dog  into  whose  jugular  vein  secretin,  prepared  according  to  the  method 
of  Starling,  had  been  injected.  In  curve  1  it  will  be  seen  that  after 
cutting  the  liver  out  of  the  circulation,  the  introduction  of  150  cc.  of 
4fi  per  cent  ethyl  alcohol  into  the  stomacbsof  the  animals  increased  the 
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Fig.  2.  Curves,  except  6  and  3,  showing  eSect  af  alcohol  on  the  catalase  con* 
tent  of  the  blood.  The  figures  along  the  abscissa  (0  to  180]  indicate  time  in 
minntes,  while  the  figures  along  the  ordinate  (0  to  125)  represent  amounta  of 
catalase  indicated  in  cubic  centimeters  of  oxygen  liberated  from  hydrogen  per- 
oxide in  ten  minutes  by  0.5  cc.  of  blood. 
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catalaae  of  the  blood  by  about  13  per  cent;  while  the  introduction  of  a 
similar  amount  of  alcohol  into  the  stomach  of  a  normal  animal  increased 
the  catalaae  of  the  blood  by  about  80  per  cent,  as  shown  in  curve  4, 
hence  cutting  the  liver  out  of  the  circulation  decreased  the  stimulating 
efTect  of  alcohol  by  about  80  per  cent.  In  curve  2  it  will  be  seen  that 
after  the  extirpation  of  the  pancreas  and  spleen,  the  introduction 
of  alcohol  into  the  stomach  increased  the  catalase  of  the  blood  by  about 
30  per  cent,  showing  a  decrease  in  the  stimulating  efTect  of  alcohol  by 
about  62  per  cent  from  the  normal.  In  curve  3  the  introduction  of 
alcohol  into  the  stomach  when  the  stomach  was  tied  off  increased  the 
catalase  of  the  blood  by  about  50  per  cent;  in  curve  5  after  the  removal 
of  the  pancreas,  alcohol  increased  the  catalase  by  about  40  per  cent; 
in  curve  6  without  the  administration  of  anything,  the  catalase  of  the 
blood  remained  practically  unchanged;  in  curve  7  after  the  administra- 
tion of  150  cc.  of  alcohol  into  the  intestines  by  means  of  a  hypodermic 
DeAlle  when  the  pyloric  sphincter  was  tied  off,  so  that  no  alcohol  could 
escape  into  the  stomach,  the  catalase  was  increased  by  about  70  per 
cent;  in  curve  8  when  secretin  was  injected  into  the  external  jugular 
vein  of  the  dog,  there  was  a  small  decrease  in  the  catalase  of  the  blood. 

By  comparing  the  data  from  which  these  different  curves  were  con- 
structed, it  will  be  seen  that  the  introduction  of  alcohol  into  the  stomach 
of  the  normal  animal  greatly  increased  the  catalase  of  the  blood,  while 
the  introduction  of  a  similar  amount  of  alcohol  into  the  stomach  of 
animals  whose  livers  had  been  shut  off  from  the  circulation,  increased 
the  catalase  of  the  blood  somewhat  but  not  very  extensively.  This 
observation  is  interpreted  to  mean  that  the  liver  is  one  of  the  organs 
and  probably  the  principal  organ,  stimulated  by  the  alcohol  to  an 
increased  output  of  catalase,  thus  producing  the  increase  in  the  catalase 
of  the  blood.  It  will  also  be  seen  that  the  extirpation  of  the  pancreas 
and  spleen  decreased  the  output  of  catalase  into  the  blood  after  the 
introduction  of  alcohol  into  the  stomach,  showing  that  these  organs, 
too,  probably  take  part  in  the  production  of  catalase  after  the  adminis- 
tration of  alcohol.  That  catalase  is  given  off  from  the  gastric  and  in- 
testinal glands  after  the  administration  of  alcohol  is  shown  by  the  fact 
that  the  blood  of  the  portal  vein  is  the  first  to  show  an  increase  in  catalase 
after  the  administration  of  alcohol. 

From  these  observations  it  may  be  concluded  that  alcohol  increases 
the  catalase  of  the  blood  by  stimulating  the  pancreas,  the  spleen,  the 
gastric  and  intestinal  glands  and  particularly  the  liver  to  an  increased 
output  of  this  enzyme.    It  is  permissible,  perhaps,  to  assume  that  food 
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like  alcohol  stimulates  the  production  of  catalase  in  the  organs  men- 
tioned and  in  this  way  causes  an  increase  in  oxidations. 
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The  calibration  of  the  inductorium  by  Martin  (1)  has  made  possible 
not  only  the  accurate  measure  of  the  physiological  intensity  of  induction 
shocks,  but  a  statement  of  the  value  of  these  stimuU  in  units  which 
can  be  used  as  standards  of  comparison  or  which  can  be  duplicated  in 
any  laboratory.  The  completion  of  the  calibration  is  so  recent  that 
only  a  small  amount  of  data  has  been  obtained  regarding  the  irritability 
of  various  tissues.  Martin  (2)  has  applied  his  method  chiefly  to  the 
determination  of  sensory  thresholds  undervarious  conditions.  Porter 
(3)  has  studied  the  variations  in  the  irritability  of  the  reflex  arc  in  the 
spinal  cat  under  normal  conditions,  in  asphyxia  and  under  the  influence 
of  strychnine.  No  observations  taken  by  the  Martin  method  have 
been  reported  on  the  thresholds  of  electrical  stimulation  for  redexes  in 
cold-blooded  animals.  Such  data  would  make  possible  a  comparison 
of  the  irritability  of  various  tissues  in  warm-  and  cold-blooded  animals 
under  similar  conditions.  It  is  of  biological  interest  to  know  whether 
the  threshold  for  the  flexion  reflex  is  of  the  same  order  of  magnitude  in 
the  frog  and  in  the  cat. 

The  threshold  values  given  in  this  paper  are  from  a  scries  of  experi- 
ments which  were  preliminary  to  an  investigation  of  the  effect  of  changes 
of  temperature  on  the  synapse.  They  support  the  view  that  the  synapse 
is  a  point  of  resistance  in  the  reflex  arc. 

PROCEDURE 

The  preparation  used  was  the  spinal  frog  (Rana  pipiens)  made  by 
destroying  the  brain  in  the  ordinary  manner.  The  shock  of  the  opera- 
tion disappeared  entirely  in  about  fifteen  minutes,  when  the  animal 
took  the  characteristic  posture  of  a  spinal  frog  and  reflexes  could  be 
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easily  elicited.  During  tiie  period  before  recovery  the  frog  was  pre- 
pared for  the  measurement  of  the  threshold  of  the  flexion  reflex  in  the 
left  hind  leg,  and  the  right  hind  leg  was  prepared  for  the  threshold  of  a 
nerve-muscle  preparation  giving  extension  of  the  foot.  A  section  of 
the  left  sciatic  nerve  about  3  cm.  long  was  freed  from  the  surrounding 
tissue  and  a  silk  ligature  placed  just  below  the  point  of  branching  above 
the  knee.  Distal  to  the  ligature  the  nerve  was  destroyed.  The  nerve 
could  then  be  lifted  over  the  point  of  a  Lucas  (4)  fluid  electrode.  The 
right  sciatic  was  exposed  and  a  ligature  placed  high  in  the  th^h.  Cen- 
tral to  that  point  the  nerve  was  destroyed.  This  nerve  could  also  be 
slipped  into  the  groove  of  a  Lucas  electrode. 

Before  the  measurement  of  the  thresholds  the  frog  was  suspended  by 
its  jaws  from  a  femur  clamp  attached  to  a  stand.  The  joints  of  the 
electrodes  were  slipped  under  the  nerves,  the  electrodes  themselves 
being  supported  by  clamps  from  the  same  stand.  The  whole  set-up 
could  thus  be  moved  without  disturbing  the  adjustment  of  the  elec- 
trodes. The  frog  and  electrodes  were  placed  in  a  glass  jar  of  cold- 
blooded Ringer's  solution  or  in  0.7  per  cent  sodium  chloride  at  room 
temperature. 

An  example  of  an  experiment  in  which  both  Z  and  /3  were  determined 
is  given  below.  In  this  case  Zwasobtatned  with  threedifferent  amounts 
of  secondary  resistance  for  greater  accuracy  in  calculating  ff. 

ExptrimetU  f.  The  frog  waa  prepared  as  described  above  for  the  detenniDt^ 
tion  of  the  reflex  threshold.  The  left  sciatic  nerve  was  placed  in  the  slot  of  the 
electrode.  The  primary  current  waa  made  and  broken  by  means  of  a  Martin 
key  (6)  which  short-circuited  the  make  BbockB.  The  resistance  in  the  primary 
circuit  was  adjusted  so  that  0.1  ampere  passed  through  the  primary  coil.  The 
secondary  coil  was  pushed  out  to  the  end  of  the  scale  and  while  the  current  was 
repeatedly  made  and  broken  the  secondary  waa  gradually  moved  toward  the  pri- 
mary.  A  point  waa  reached  where  the  slightest  perceptible  flexion  of  the  left  leg 
occurred  in  response  to  a  break  shock,  which  marked  the  threshold  for  the  reflex. 
The  secondary  position  was  21.5  cm.  A  calibration  table  of  the  values  for  —  for 
the  inductorium  used  gave  78.7  for  this  position  of  the  secondary.  Since  Z  «  -j- , 
for  this  detenninfttion  Z  becomes  78.7  x  O.I,  or  7.87.  Then  10,000  ohms  addi- 
tional resistance  were  put  in  the  secondary  circuit  by  withdrawing  plugs  from  a 
resistance  box.  Again  the  threshold  was  determined  and  the  Z  calculated  was 
19.7.     With  20,000  ohms  additional  the  third  value  of  Z  was  34.3. 

The  resistance  of  the  nerve  was  determined  by  the  Kohlrausch  (6)  method  and 
found  to  be  2000  ohms.  The  secondary  coil  itself  had  a  resistance  of  8S0  ohms. 
With  the  values  of  Z  and  the  resistances  two  values  of  g  were  calculated  according 
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to  the  formuU  developed  by  Wilbur  (7).    The  values  obtained  were  4.4  and  4.2. 

a 
For  this  experimeDt  $  -  4.3,  Z  -  7.9,  =  -  O.SS. 

PRELIMINARY    EXPERIMENTS 

Before  making  a  aeriea  of  threshold  determinations  of  the  ipeilateral 
flexion  obtained  on  stimulating  the  central  end  of  the  sciatic  nerve,  it 
was  necessary  to  determine  with  certainty  that  the  response  was  a 
reflex.  Lucas  (8)  has  reported  that  with  the  fluid  electrode  a  spread  of 
current  to  tissue  5  mm.  distant  could  only  be  obtained  by  increasing 
the  strength  of  the  current  eighty  times  that  of  the  threshold  stimulus. 
In  all  of  the  experiments  reported  here  the  neighboring  tissue,  with  the 
exception  of  the  nerve  itself,  was  from  5  mm.  to  10  mm.  distant  from 
the  slot  in  the  electrode.  Spread  from  threshold  strengths  would 
hardly  be  expected.  The  response  obtained  was  always  clear  cut 
flexion.  With  direct  stimulation  by  spread  of  current  to  nerve  endings 
or  muscle  fibers  an  indefinite  response  would  be  expected  since  both 
flexors  and  extensors  were  equidistant  from  the  point  of  the  electrode. 
When  the  dorsal  and  ventral  roots  were  cut  or  the  cord  pithed,  the 
response  obtained  with  increased  strength  of  stimulus  was  always  a 
combination  of  the  contractions  of  both  sets  of  muscles. 

Direct  evidence  as  to  the  nature  of  the  response  was  obtained  by  de- 
termining the  threshold  of  the  response  before  and  after  cutting  the 
spinal  roots  or  pithing  the  cord,  and  also  by  comparing  the  results 
obtained  with  the  thresholds  of  the  nerve-muscle  preparation  in  the 
opposite  leg  subjected  to  the  same  conditions.  The  results  showed  that 
in  order  to  obtain  a  response  after  pithing  the  cord,  the  stimulus  had  to  be 
increased  from  forty  to  one  hundred  times,  while  of  course  no  increase 
was  necessary  to  obtain  the  nerve-muscle  response  in  the  opposite  leg. 
One  seems  justified  in  concluding  that  the  clear  cut  flexion  obtained  at 
the  lower  value  was  a  reflex.  The  procedure  of  destroying  the  cord  at 
the  end  of  the  experiment  was  carried  out  as  a  matter  of  routine  in  each 
experiment.    A  few  of  the  results  are  given  in  table  1. 


The  values  reported  in  table  2,  are  the  threshold  stimuli  in  Z  units 
and  in  &  units  for  the  flexion  reflex  and  for  the  nerve-muscle  extensor 
preparations  in  spinal  frogs  prepared  as  described  above.  The  de- 
terminations have  been  made  at  least  fifteen  minutes  after  pithing  and 
usually  before  an  hour  had  elapsed. 
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The  most  important  results  are  those  of  0  for  the  reflex  and  for  the 
nerve-muscle  preparation.  The  thirty-four  values  of  (3  for  the  reflex 
obtained  from  different  animala  average  6.9,  and  the  thirty  for  the 
nerve-muscle  preparation  give  an  average  of  4.7,  The  higher  threshold 
for  the  reflex  is  in  accordance  with  other  wellknown  characteristics  of 
the  reflex  arc  summarized  by  Sherrington  (9).  The  average  value  of 
Z  for  the  reflex  is  11.7,  while  that  for  the  nerve-muscle  preparation 
is  4.7. 

TABLE  1 

ResulU  of  experimenls  to  ehow  that  the  retpOTue  obtained  from  tke  atimtdalion  of  the 
central  end  of  the  geiatic  it  a  refUx  attd  i»  not  due  to  euTrenl  spread 


„,. 

NO. 

THRISHOLD 

"™si"" 

11/30/15 

4 

Before  pithing  cord 
After  pithing  cord 

9.4 
U76.0 

12/11/16 

12 

Before  pithing  cotd 
After  pithing  cord 

8.6 
236.5 

4.4 
4.3 

1/19/16 

20 

Before  pithing  cord  ' 
After  pithing  cord 

17.1 
1248.0 

12/  4/16 

28 

Before  pithing  cord 
After  pithing  cord 

34.3 

266.4 

6.2 
5.9 

12/  5/16 

29 

Before  pithing  cord 
After  pithing  cord 

10.5 
675.0 

3.4 
3.5 

12/19/16 

39 

Before  pithing  cord 
After  pithing  cord 

7.7 
618.0 

7.2 
9,7 

The  calculation  of  0  in  many  experimental  procedures  may  become  too 
tedious  and  results  stated  in  Z  units  may  be  sufficient  for  the  purposes 
of  the  experiment.  It  is  therefore  of  practical  importance  to  know  the 
ratio  of  0  to  Z  for  the  tissue  used,  if  the  results  are  to  be  stated  only 
in  Z  units.  In  the  case  of  the  reflex  this  value  is  found  to  average 
0.59.  For  the  nerve-muscle  preparation  it  is  0.56,  For  the  reflex 
the  greatest  deviation  from  the  average  ratio  is  0.18  or  32.8  per  cent. 
The  average  deviation  is  0.09  or  16  per  cent.  In  the  case  of  the  nerve- 
muscle  preparation,  the  greatest  deviation  is  0.31  or  55  per  cent.  The 
average  deviation  is  0.07  or  13  per  cent. 

It  will  be  noted  in  tabic  2  that  a  few  of  the  values  for  Z  and  0  deviate 
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TABLE  i 


I  rLiiiov  or 

■MvcLK  ■mw- 

Lla-WIILTIC 

Z 

e  , 

1 

Z 

8 

X 

1 1/24/ 15* 

1.00 

2.2 

1.6 

0-72 

11/30/15 

f 

8.5 

5,9 

0.69 

12/  2/15 

0.15 

6.8 

3.1 

0.44 

3-6 

1.6 

0.25 

12/  5/15 

0.30 

11.0 

6.0 

0.46 

6-6 

3.4 

0.62 

12/  5. 15 

0.10 

14.6 

10.6 

0.73 

12/  6/16 

0,10 

2.» 

1.2 

0.41 

1.9 

1.1 

0.58 

12/  7/15 

0.30 

4.7 

2.3 

0.49 

3.0 

1.7 

0.57 

12/10/lS 

0.20 

8.0 

4.6 

053 

4,7 

2.7 

0.57 

12/11/15 

0.10 

4.9 

3.6 

0,73 

3.4 

1.8 

0.53 

12/14/15 

0.20 

•12.2 

6.4 

0,62 

4,5 

2.6 

0,58 

,       1/  5/16t 

0.15 

9.5 

6.7 

0-60 

1/  5/16t 

0,25 

7,5 

4.1 

0.55 

2,3 

1,6 

0-65 

1/  3/ let 

0.16 

8.6 

4.2 

0  49 

2-2 

1-2 

0.56 

1/  6/16 

0,15 

27.0 

17.8 

0,66 

4.2 

2,6 

0.58 

1/17  16 

054 

7.2 

3.5 

0.48 

2.0 

1  lS/16 

0,35 

17.6 

8.4 

l'lB/16 

0.32 

9.2 

4.4 

1/20/16 

0,35 

24.8 

6.6 

1/20/16 

0,20 

8.3 

4.6 

0.55 

1/25/16 

1,09 

7.4 

1/26 '16 

0.35 

37.0 

26.4 

0.70 

4.9 

2.2 

0.45 

1/26/16 

0,20 

44-4 

27-0 

0.61 

11.2 

7.3 

0-6S 

1  36  16 

0.15 

20.4 

11.6 

0.57 

5.3 

3.4 

0.64 

12/4,16 

0.20 

25.9 

12.9 

0,50 

6.6 

4.0 

0.61 

12/  6  16 

0.20 

10.5 

5-8 

0.55 

3.0 

1.0 

0.33 

12/  6.  16 

0.15 

7.2 

3.5 

0.49 

3.4 

2.1 

0.62 

12/  7/16 

022 

9.0 

5.2 

0.67 

7.8 

4.7 

0.60 

12'  7 '16 

1.10 

15.8 

9.4 

0.59 

99 

6,2 

0.63 

12/  8  16 

0.47 

6.1 

3.1 

0.51 

12/14  16 

0.45 

6.6 

4.4 

0.67 

2-4 

1.5 

0-62 

12  16  16 

1.05 

11.9 

91 

0.76 

8.8 

6.7 

0.76 

12  16  16 

1  20 

3,0 

2.0 

0.67 

12/19,16 

0,55 

5.4 

2.4 

0.44 

5-1 

3.0 

0-69 

12 '19/ 16 

0.15 

44 

3.3 

0.75 

Average  1 :  All  cxpen 

mentB 

11.7 

6.9 

0.69 

4.7 

2-7 

0-56 

Avemge  2:  Omitting 

all  too  per  cent 

from  Avpruj^e  1 . . . 

8.6 

4.6 

0-54 

4.3 

2.5 

0.66 

•  Platinum  pointi;  eleclrodea  in  air. 

t  Average  of  five  observationa  during  one  hour. 

t  Centrnl  cud  of  tX  root  (abdomen  open). 
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more  than  100  per  cent  from  the  average.  The  frogs  which  gave  these 
extremely  high  thresholds  were  always  confined  to  shipments  of  frogs 
which  had  been  delayed  in  transit  from  the  west  and  had  suffered  ex- 
osure  to  cold.  It  may  be  pointed  out,  however,  that  the  ratio  of 
^  to  Z  was  very  little  altered  in  these  cases.  Here  the  greatest  variation 
fromtheaverageisonIyO.il  or  about  19  per  cent.  It  seems  justifiable, 
therefore,  to  omit  the  values  obtained  from  these  frogs  in  making  cor- 
rected averages. 

The  revised  averages  for  Z  and  3  for  the  flexion  reflex  are  8.6  and  4.7 
respectively.  For  the  nerve-rauscle  preparation,  in  which  wide  varia- 
tions were  very  few,  the  corrected  values  of  Z  and  0  are  4.3  and  2.5. 
The  corrections  have  altered  only  slightly  the  ratio  of  0  to  Z,  which  be- 
comes 0.54  for  the  reflex  and  remains  0.56  for  the  nerve-muscle  prep- 
aration. Martin  (10)  gives  8.1  a*  the  average  0  for  18  observations 
on  the  frog's  gastrocnemius  stimulated  directly  with  platinum  points. 
He  flnds  the  ratio  of  (3  to  Z  to  be  0.49,  and  the  greatest  deviation  about 
33  per  cent.  The  average  variation  was  15  per  cent.  Porter  (11) 
reports  the  average  threshold  stimulus  for  the  flexion  reflex  in  the 
spinal  cat  (seventeen  determinations)  to  be  2.7  0  units.  An  extensor 
nerve-muscle  preparation  at  the  wrist  he  found  to  have  a  threshold  of 
1.4  0  units.  The  average  Z  units  for  threshold  stimuli  for  the  reflex 
(sixty-six  determinations)  was  5.2,  and  for  the  nerve-muscle  preparation 
(fifty-two  determinations)  it  was  2.3.  He  found  the  average  ratio  of 
^  to  Z  to  be  0.67,  calculated  from  the  combined  results  of  reflex  and 
nerve-muscle  preparation.     He  does  not  state  these  values  separately. 

In  comparing  the  results  of  Porter  with  those  presented  in  this  paper, 
one  should  consider  that  the  thresholds  on  the  spinal  cat  were  taken  at 
38''C.  while  those  on  the  spinal  frog  were  taken  at  room  temperature, 
from  15''C.  to  20''C.  That  this  difference  of  threshold  might  well  be 
accounted  for  on  a  temperature  basis  alone  will  be  shown  in  a  subsequent 
paper. 

It  is  interesting  to  compare  the  values  reported  here  and  those  of 
Martin  and  Porter,  with  the  thresholds  for  sympathetic  responses  in 
the  cat  reported  by  Mendenhall  (12).  He  found  the  thresholds  for 
contraction  of  the  pupil  through  cervical  sympathetic  stimulation  to  be 
5.7  Z  units  and  3.3  0  units.  The  threshold  for  retraction  of  the  nictitat- 
ing membrane  stimulated  in  the  same  manner  was  6.3  Z  units  and  3.7  0 
units.  For  vasoconstriction  in  the  nasal  vessels,  elicited  through  the 
cervical  sympathetic,  he  found  the  threshold  to  be  7.9  Z  units  or  4.6  0 
units,  and  the  ratio  of  ^  to  Z  in  these  observations  was  0.58. 
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The  values  5.7  Z,  6.3  Z,  7.9  Z  obtained  by  Mendcnhall  for  autonomic 
thresholds,  5.2  Z  for  reflex  threshold  in  the  cat  reported  by  Porter,  and 
8.6  Z  for  reflex  thresholds  in  the  frog  reported  in  this  paper,  are  stig- 
gcstive  when  compared  with  the  thresholds  for  norve-muscio  prepara- 
tions, as  2,3  Z  by  Porter  for  the  cat,  and  4.3  Z  in  this  paper  for  the  frog. 
It  18  usually  accepted  as  a  fact  that  each  synapse  increases  the  resistance 
to  the  passage  of  an  impulse,  although  up  to  the  present  the  only  quanti- 
tative evidence  has  been  that  presented  by  Sherrington  and  Sowton 
.  (13)  and  Porter  (14).  In  the  autonomic  and  reflex  paths,  from  which 
the  above  valups  were  obtained,  at  least  one  synapsf  is  known  to  exist. 
The  results  of  this  investigation,  showing  a  difference  of  4.3  Z  units, 
or  2.1  0  units  bi'tween  reflex  and  nerve-muscle  preparation,  bear  out 
Porter's  observations  which  suggest  strongly  that  a  certain  amount  of 
resistance  lies  in  the  synapse. 


1.  The  fluid  electrodes  of  Lucas  have  been  used  to  determine  the 
threshold  stimuli  for  the  flexion  reflex  and  for  a  nerve-muscle  prepara- 
tion in  the  spinal  frog.  The  values  are  reported  in  the  Z  and  the  /3 
units  of  Martin. 

2.  The  average  threshold  stimulus  for  twenty-five  determinations 
of  the  flexion  reflex  in  the  spinal  frog  is  4.6  0  units.  For  the  nerve- 
muHcIo  preparation  the  average  threshold  stimulus  for  twenty  determina- 
tions is  2.5  ff  units. 

3.  The  average  threshold  value  in  Z  units  for  twenty-eight  determina- 
tions of  the  flexion  reflex  is  8.6;  and  for  twenty-three  determinations 
of  the  nerve-muscle  preparation  it  is  4.3. 

4.  The  average  ratio  of  ^  to  Z  for  the  reflex  (thirty  determinations) 
is  0.59.  The  average  deviation  is  0.09  or  16  per  cent.  The  average 
ratio  of  ^  to  Z  for  the  nerve-muscle  preparation  (twenty-one  determina- 
tions) is  0.56.     The  average  deviation  is  0.07  or  13  per  eimt. 

5.  The  values  of  threshold  stimuU  for  the  flexion  reflex  and  for  the 
nerve-muscle  preparation  support  the  view  that  the  synapse  is  a  point 
of  resistance  in  the  conduction  path  of  a  reflex  arc. 

BIBLIOGRAPHY 

(I)  .Mahtln:  This  Journal,  1911,  xxvii,  TX. 

12}  .Marti.v  and  others:  This  Journal,  1913,  xx\i;  also  xxxiii,  xxxiv. 

{3(  Portbh;  ThU  Journal.  1912,  xxxi,  141;  1913.  xxxi,  223^1915,  xxxvi,  171. 

(4)  LwAs:  Journ.  Physiol.  (Prop.  Physiol.  Sod,  1913.  xlvi.  xxxii. 


d  by  Google 


514  BRENTON    R.    LUTZ 

(5)  Martin:  Loc.  cit.  (1). 

(6)  KoHLRAUSCH  AND  Holborn:  Dae  Leitvermogen  der  Elektrolyte,  Leipiig, 

1S93. 

(7)  Martin,  Biqelow  and  Wilbcr:  This  Journal,  1914,  xxxiii,  415. 

(8)  Lucas:  Loc.  cit.  (4). 

(9)  Sherbinqton  :  The  Integrative  Action  of  the  Nervous  System,  New  York, 

1906,7. 

(10)  Martin:  This  Journal,  1910,  sivii,  226. 

(11)  Porter:  Loc.  cit.  (3). 

(12)  Mbndenhall:  This  Journal,  1914,  xxxvi,  57. 

(13)  Sherrington  and  Sowton:  Joum.  Physiol.,  1914,  xVix,  331. 

(14)  Porter:  Loc.  cit.  (3). 


d  by  Google 


THRESHOLD  VALUES  IN  THE  SPINAL  FROG 

II.  Variations  with  Chanqe  or  Tehperatdbb 
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The  Martin  method  makes  possible  an  exact  study  of  the  effects  of 
various  coDditions  on  reflex  thresholds.  Since  1860,  when  Kunde  (1) 
came  to  the  conclusion  that  reflexes  were  depressed  by  cooling,  the  effects 
of  changes  of  temperature  on  reflex  irritability  have  been  studied  by 
many  investigators.  Statements  which  are  quite  conflicting  are  found 
in  the  literature.  Recently  (1916)  Van  Leeuwen  and  Van  der  Made 
(2)  have  reported  that  the  opttmiuu  temperature  for  reflex  irritability 
in  the  winter  frog  lies  at  about  5°C.  and  2°C.  highA  for  the  summer 
frog.     They  find  in  some  cases  a  second  optimum  around  20°C. 

That  there  should  be  a  disagreement  about  the  effect  of  cold  on 
reflexes  might  at  first  seem  strange,  when  it  is  well  known  that  cooling 
depresses  the  activity  of  protoplasm  (3).  But  the  explanation  of  the 
varied  results  will  probably  be  found  in  the  means  used  in  determining 
the  reflex  irritability.  The  most  common  method  has  been  that  of 
Tiirch,  in  which  the  foot  of  the  frc^  is  dipped  in  acid  and  the  time 
before  its  withdrawal  taken  as  an  index  to  the  reflex  activity.  Since 
the  introduction  of  induction  coils  into  physiological  work  faradic 
stimuli  have  been  applied  directly  to  the  skin  of  the  leg  or  foot.  In 
both  of  these  procedures  the  sensory  end-organs  are  involved  and  sum- 
mation of  stimuli  is  a  chief  factor.  It  is  obvious  that  such  methods 
cannot  give  so  consistent  results  as  one  in  which  single  break  shocks 
of  known  intensity  are  applied  directly  to  the  afferent  nerve  and  the 
threshold  thus  determined  at  various  degrees  of  temperature. 

But  of  perhaps  greater  physiological  interest  is  the  effect  of  change 
of  temperature  on  the  reflex  threshold  when  it  is  compared  with  the 
threshold  of  a  nerve-muscle  preparation  subjected  to  identical  conditions. 
Sherrington  (4)  has  summarized  the  characteristic  differences  between 
conduction  in  nerve  trunks  and  in  reflex  arcs.    Among  other  differences, 
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conduction  in  the  reflex  arc  exhibits  a  greater  variation  in  tbreshold 
value  of  a  stimulus,  a  greater  fatigability,  much  greater  dependence 
on  blood  circulation  and  oxygen  and  a  greater  susceptibility  to  drugs. 
One  might  expect  that  cooling  would  also  have  a  greater  effect  on  reflex 
arc  conduction,  in  which  synapse  and  cell  body  are  concerned,  than  in 
nerve  trunk  conduction. 

Many  observers  working  in  this  field  have  failed  to  distinguish 
between  a  change  of  temperature  as  a  condition  and  a  change  of  tem- 
perature as  a  stimulus.  This  is  especially  true  of  the  early  investiga- 
tors. Heinzman  (5),  Goltz  (6),  Foster  (7)  and  Sedgwick  (8)  were  at 
qne  time  concerned  with  the  question  of  the  effect  of  gradual  applica- 
tion of  heat  on  reflex  excitability,  as  when  a  decapitated  frog  is  placed 
in  a  water  bath  and  heated. 

Githens  (9)  has  repeated  and  extended  Kunde's  experiments  on  the 
action  of  strychnine  at  various  temperatures,  finding  that  a  given  dose 
causes  a  longer  period  of  spasms  at5°C,  than  at  STC.  He  concludes 
that  5°C.  is  the  optimum  temperature  for  this  drug.  It  seems  curious, 
however,  that  this  greater  duration  of  activity  could  be  due  to  the 
irritability  of  the  cord  determined  by  the  low  temperature.  The 
possibility  that  tifc  drug  was  eliminated  more  slowly  at  low  temperatures 
wa^  not  considered. 

The  objects  of  this  paper  are  to  present  the  results  of  a  series  of  experi- 
ments in  which  the  effects  of  changes  of  temperature  on  reflex  irritabil- 
ity and  on  nerve-rauscle  irritability  are  compared,  and  to  consider 
these  results  in  the  light  of  the  "all  or  nothing"  principle. 

PROCEDURE 

A  spinal  frog  was  prepared  in  the  ordinary  manner  and  both  sciatic 
nerves  exposed  sufficiently  to  slip  easily  into  the  groove  of  the  Lucas 
fluid  electrode  (10).  The  left  sciatic  was  used  to  evoke  reflex  flexion 
in  the  same  leg,  the  nerve  being  destroyed  at  the  knee.  The  right 
sciatic  was  destroyed  high  in  the  thigh  and  the  lower  leg  used  for  nerve- 
muscle  extension  of  the  foot.  The  two  responses  used  differed  only 
in  that  the  reflex  arc  contained  afferent  nerve  fibers,  cell  body  and 
synapse  in  the  conducting  path,  in  excess  of  the  efferent  fibers,  motor 
endings  and  muscle  fibers  which  were  involved  in  both  responses  alike. 
Sensory  end-organs  were  excluded  by  stimulating  the  afferent  trunk 
directly.  Temporal  summation  of  inadequate  stimuli  was  avoided  by 
using  single  break  shocks  given  at  sufficiently  long  intervals.     The 
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time  reaiatance  was  taken  at  the  end  of  the  experiment  by  the  Kohl- 
rauach  method  with  the  electrodea  in  place. 

The  froK  waa  suspended  by  its  jawa  from  a  femur  clamp  att&ched  to 
a  stand.  The  points  of  the  two  Lucas  electrodes  were  slipped  under  the 
nerves,  the  electrodes  being  supported  by  clampa  from  the  same  stand. 
The  whole  aet-up  could  be  transferred  from  one  jar  of  Ringer  to  another 
of  different  temperature  without  disturbing  the  adjustment  of  the 
electrodes.  The  actual  temperature  of  the  frog  waa  not  taken  as  a 
matter  of  routine,  A  few  experiments  showed  that  the  temperature  of 
the  frog  as  measured  by  a  thermometer  inserted  through  the  oesoph- 
agus into  the  stomach  became  the  same  as  that  of  the  surrounding 
fluid  in  seven  or  eight  minutes.  In  all  cases  sufficient  time  waa  allowed 
after  changing  the  temperature  for  constant  threshold  reaponses  to  be 
obtained. 

In  order  to  exclude  the  poaaibility  that  a  rise  of  threshold  as  the 
experiment  proceeded  might  obscure  temperature  effects,  the  tempera- 
ture of  the  animals  was  changed,  in  different  experiments  and  sometimes 
in  the  same  experiment,  in  both  directions,  as  from  low  temperature 
to  high,  from  high  to  low  and  then  to  high  temperature  again.  These 
procedures  eliminated  time  as  a  factor  in  the  reaulta.  When  the 
experiment  waa  started  at  a  low  temperature  the  pithed  frog  was  kept 
packed  in  ice  from  half  to  three-quarters  of  an  hour  previous  to  the 
first  determination.  Although  the  threshold  values  in  Z  units  are 
sufficient  for  these  experiments,  for  completeness  the  data  necessary 
for  calculating  /3  were  sometimes  obtained;  i.e.,  three  values  of  Z  at 
different  secondary  resistances  for  greater  accuracy,  and  the  tissue 
resistances. 

PRELIMINARY    EXPERIMENTS 

Before  studying  the  effects  of  changed  conditions  on  the  responses 
involved  it  waa  necessary  to  find  the  variations  which  might  be  expected 
under  the  conditions  of  the  experiment  at  a  given  temperature.  Sedg- 
wick (1 1)  baa  suggested  that  a  suspended  frog  loses  its  reflex  irritability 
after  thirty  or  forty  minutes  especially  if  warmed.  Such  an  effect  aa  this 
would  obscure  the  effects  of  temperatures  and  tend  to  raise  the  reflex 
thresholds  as  the  experiment  proceeded.  Several  experiments  were 
performed,  therefore,  to  test  the  constancy  of  the  reflex  response. 

In  experiment  4  the  fluid  electrodea  were  used  and  the  coostancy 
of  the  reflex  followed  for  fifty-three  minutes,  a  much  longer  period  than 
the  duration  of  anyof  the  8ul)9e<|uontexperiments  on  theeffects  of  tem- 


d  by  Google 


518  BRENTOK  B.  LUTZ 

perature  changes.  Recently  Porter  (12)  has  shown  that  the  flexion 
reflex  in  the  spinal  cat  remains  comparatively  constant  for  an  hour  or 
more.  The  accompanying  protocol  and  figure  1  show  that  within  an 
hour  the  reflex  thresholds  are  fairly  constant  at  a  given  temperature. 


\  — 
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IB 

»                    >0                   40                    »H.NU,U 

Fig.  1.  Experiment  4,  November  30,  19IS.  Variations  ia  the  threshold  of  the 
flexioD  reflei  for  a  period  of  fifty-three  minutes,  plotted  ia  Z  and  ^  units.  Ordi- 
nate repreaeots  Martin  uml«;  abaciBaa,  time  in  minutea. 

pTolocal  of  experiment  4,  ffooember  SO,  1911 

2.20  p.m.    Brain  pithed  through  foramen 'magnum. 
2.25  p.m.    Left  aciatic  nerve  exposed. 

2.30  p.m.    Lucaa  electrodea  applied  to  central  end  of  aciatic. 
2.40  p.m.     Preparation  immersed  in  cold-blooded  Ringer  aolution  at  20*C. 
Primary  current  0.1  ampere. 
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The  greatest  deviation  from  the  average  for  Z  in  experiment  4  was  1.1,  or  12.8 
per  cent,  while  the  average  variation  was  only  0.6,  or  7  per  cent.  For|}themaxi- 
mum  variation  from  the  mean  was  1.7,  or  28  per  cent,  while  the  average  variation 
wu  0.S0,  or  10  per  cent.    The  ratio  of  ^  to  Z  was  0,69. 
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The  figures  presented  in  table  1  show  clearly  two  important  points. 
First,  cooling  increases  the  thresholds  for  both  reflex  and  nerve-muscle 
response,  while  warming  produces  the  reverse  effect.  Second,  the 
reflex  threshold  is  affected  to  a  much  greater  degree  than  the  nerve- 
muscle  threshold  by  changes  of  temperature. 

The  first  conclusion  is  to  be  expected  from  the  general  effect  of  lower- 
ing the  temperature  on  biological  processes,  and  the  values  obtained 
in  these  experiments  without  exception  support  this  law.  A  few 
figures  will  serve  to  illustrate  this  point.    In  the  experiment  of  De- 


Fig.  3.  BxpericMot  16,  December  U,  1915. 
holds  t&ken  «t  18*0.,  S°C.,  and  16°C. 


16»C. 
Reflex  and  nerve-muacle  thres- 


cember  11^  1915,  a  fall  of  temperature  from  1S°C.  to  6°C.  was  accom- 
panied by  a  rise  of  the  reflex  threshold  from  4.9  Z  to  10.7  Z,  3.50  to  8.6  0, 
or  a  rise  of  about  130  per  cent.  The  experiment  of  December  7,  1916, 
showed  an  increase  of  the  reflex  threshold  from  10.5  Z  to  24.7  Z  or  5.20 
to  16.3/3  caused  by  a  fall  of  temperature  from  20°C.  to  e'C.  The 
change  here  was  about  170  percent.  Theeffectof  a  rise  in  temperature 
was  shown  strikingly  in  the  experiment  of  January  17,  1916,  when  a 
change  from  S'C  to  SO'C.  caused  a  lowering  of  the  reflex  threshold  from 
25.4  Z  to  2.3  Z  or  92  per  cent.  The  nerve-muscle  threshold  in  the  same 
experiment  fell  from  3.0  Z  to  1.5  Z  or  50  per  cent.  A  rise  in  the  nerve- 
muscle  threshold  was  shown  in  the  experiment  of  December  14,  1916, 
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when  a  fall  of  temperature  from  IS^C.  to  S^C.  caused  a  change  from 
4.4  Z  to  7.2  Z,  about  60  per  cent. 

These  hfi^ures  and  the  others  presented  in  table  1  seem  to  show 
that  not  only  is  the  nerve-muscle  irritability  depressed  on  cooling,  but, 
for  the  range  of  temperature  between  SO'C.  and  S'C,  cooling  depresses 
reflex  irritability. 
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KiK-  3.  Experiment  19,  January  17,  1916.    Reflex  aod  nerve-muscle  thresholds 
taken  at  5°C.,  ]d°G.,  I6°C.  and  18°C.    The  frog  was  packed  in  ic«  for  tbirty*five 
B  previoua  to  the  first  detenuinatioD. 


The  second  conclusion,  that  the  reflex  irritability  is  more  markedly 
affected  by  changes  of  temperature  is  in  accord  with  other  differences 
l)etween  the  reflex  arc  and  the  nerve-muscle  preparation.  All  of  the 
detemiinationH,  with  a  single  exception,  in  the  eleven  experiments  gave 
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evidence  for  this  point.  In  the  experiment  of  December  11,  1915,  for 
example,  a  fall  of  temperature  of  12°C.  caused  an  increase  in  the  reSex 
threshold  of  130  per  cent,  while  the  nerve-muscle  threshold  increased 
only  about  32  per  cent.  In  the  experiment  of  January  17,  1916,  a  rise 
of  temperature  of  25''C,  caused  a  fall  of  the  reflex  threshold  of  92  per 
cent,  and  the  nerve-muscle  threshold  was  lowered  but  50  per  cent. 
An  examination  of  table  1  will  show  other  ratios  of  Bimilu'  magnitude. 
The  figures  in  table  2  give  the  changes  in  Z  units  for  a  change  of  I'C, 
both  for  the  reflex  thresholds  and  the  nerve-muscle  thresholds  in  each 
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experiment.  The  average  change  per  degree  Centigrade  for  the 
reflex  threshold  is  1.005  Z.  For  the  nerve-muscle  threshold  this  value 
is  0.109.  The  average  deviation  from  the  mean  for  the  reflex  is  0.31 
or  31  per  cent.  For  the  nerve-muscle  preparation  the  average  varia- 
tion is  0.074  or  68  per  cent. 

When  the  average  change  per  degree  for  the  reflex  is  compared  with 
that  for  the  nerve-muscle,  the  ratio  is  9  to  1.  In  other  words,  for  the 
range  of  temperature  in  these  experiments  the  reflex  threshold  is 
affected  nine  times  more  than  the  nerve-muscle  threshold  by  changes  in 
temperature. 
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DISCUSSION 

Little  is  known  of  the  relative  irritability  of  afferent  and  efferent 
fibers  under  various  conditions  nor  is  the  phenomenon  of  conduction 
tlu-ough  the  synapse  well  understood.  If  the  reflex  arc  is  more  affected 
by  changes  of  temperature  than  the  efferent  nerve  fiber  and  muscle,  as 
these  experiments  indicate,  at  what  point  in  the  reflex  path  does  this 
greater  effect  take  place?  One  must  look  to  the  afferent  nerve,  the 
synapse  or  the  nerve-cell  body,  since  the  motor  nerves  and  effector 
organs  are  common  to  both  preparations. 

There  is  no  evidence  that  cold  as  a  condition  affects  the  irritability 
or  conductivity  of  afferent  fibers  more  than  it  does  these  phenomena 
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Fig.  4.  ExperinwDt  22,  Juiuary  20,  1916.  ReBex  and  nerve^nuscle  thresholds 
taken  at  5°C.,  la'C,  25°C.,  S'C.  and  30°C.  Thefrog  was  paeked  in  ice  for  fifteen 
minutes  previous  to  the  first  determination. 

in  efferent  fibers.  Howell  (13)  states  that  motor  fibers,  however,  are 
less  easily  stimulated  by  thermal  applications  than  are  sensory  fibers, 
and  suggests  that  this  would  seem  to  indicate  some  difference  in  struc- 
ture or  irritability  between  them.  But  until  we  have  more  direct  experi- 
mental evidence  that  irritability  and  conductivity  in  afferent  fibers 
are  more  susceptible  to  changes  of  temperature,  it  cannot  be  held  that 
the  afferent  fibers  would  respond  differently  from  the  efferent  fibers, 
either  at  low  or  high  temperatures. 

To  the  nerve-cell  body  is  usually  attributed  the  function  of  nutrition. 
Bethe  (14)  pictures  the  nerve  flbrils  passing  directly  through  the  synapse 
and  cell  body  from  one  neurone  to  another.  Whether  such  phenomena 
as  "after-discharge,"  greater  susceptibility  to  lack  of  oxygen,  etc.,  are 
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due  to  the  cell  body,  it  is  difBcult  to  determine.  Sherrington  (15) 
rather  favors  the  aynapae  as  the  point  most  easily  affected  by  modifying 
conditions.  The  work  of  other  investigators  all  indicates  more  or  less 
directly  that  the  characteristic  features  of  reflex  arc  conduction  are  not 
referable  to  the  nerve-cell  bodies  of  the  neurones,  Bethe  (16)  in  work- 
ing on  motor  nerve-cells  of  Carcinus,  and  Steinach  (17)  in  his  studies 
on  the  physiology  of  the  nerve-cells  of  the  dorsal-root  ganglia,  sug- 
gest that  the  nerve-cell  is  little  concerned  with  conduction.  Lang- 
ley  (18)  in  showing  that  nicotine  has  little  effect  when  applied  to  the 
dorsal-root  ganglia,  where  no  synapses  are  present,  brings  evidence 
to  support  the  view  that  the  synapse  is  the  vital  point  in  conduction 
through  the  reflex  arc.    It  is  probably  the  existence  of  the  synapse 


Fig.  5.  Experiment  32,  December  7, 1916.  Reflex  and  nerve-muscle  threaholda 
taken  at  i'C,  I8°C.,  7°C.,  and  WC.  The  trog  was  packed  in  ice  for  forty-five 
miautea  previous  to  the  first  determiuation. 

which  makes  the  reflex  arc  so  markedly  susceptible  to  change  of  tem- 
perature. 

How  is  a  greater  variation  of  threshold  for  the  reflex  arc  than  for  the 
nerve-muscle  preparation,  when  both  are  subjected  to  the  same  modi- 
fying conditions,  to  be  reconciled  with  the  "all  or  nothing"  principle  for 
nerve?  In  considering  this  question,  it  must  be  remembered  that  the 
threshold  values  obtained  in  the  experiments  reported  here  are  an  index 
of  the  number  of  nerve  fibers  stimulated  to  give  a  minimal  response.  A 
break  shock  of  2  Z,  for  example,  stimulates  all  nerve  fibers  with  thresh- 
olds lower  than  this  value,  and  if  2  Z  is  the  threshold  value  for  the 
response,  enough  fibers  must  be  stimulated  to  give  the  smallest  discern- 
ible contraction. 
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For  simplicity,  let  us  suppose  that  the  threshold  of  the  nerve-muscle 
preparation  N-M,  figure  6,  is  1  Z,  while  that  for  the  reflex  arc  R  is  2  Z. 
If  these  two  preparations  are  cooled  the  threshold  of  N-M  will  be  raised 
to  2  Z.  If  the  "all  or  nothinfc"  principle  holds  true  for  nerve,  as  Adrian's 
work  seems  to  indicate,  we  may  explain  this  rise  in  threshold  by  assum- 
ing that  certain  libers  are  more  susceptible  to  cooling  than  others  and 
lose  their  function.  But  2  Z  will  be  strong  enough  to  stimulate  fibers 
of  higher  threshold  that  were  not  affected  by  1  Z,  and  consequently 
enough  functioning  Bbers  arc  brought  into  activity  at  the  higher 
threshold  to  give  a  minimal  response.  As  far  as  the  fibers  themselves 
are  concerned,  we  should  expect  that  those  of  the  reflex  arc  would  be 
R  N-M 
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Fig.  6.  In  this  diagram  It  repreaenta  the  reflex  arc  nith  its  synapM  and  nerve 
mil,  fif-M  repreaenta  the  nerve-miucle  prep&ration.  The  +  indicates  a  threshold 
response,  the  —  indicates  failure  of  the  response  at  the  stimulating  values  design- 
ated.   Further  e:(pIanation  will  bo  found  in  the  text. 

affected  to  the  same  degree  by  cooling,  and  a  threshold  of  2  Z  would 
thus  be  raised  to  4  Z.  But  a  stimulating  strength  of  4  Z  will  not  give  a 
response.  It  is  necessary  to  use  astrength  nine  times  as  great  as  thatfor 
N-M  under  the  new  conditions,  or  18  Z  .  It  must  be  assumed  that  the 
synapses  vary  greatly,  in  themselves,  in  their  susceptibility  to  cooling, 
so  that  although  2  Z  at  an  ordinary  temperature  stimulated  enough 
fibers  with  functioning  synapses  to  give  a  minimal  response,  at  a 
low  temperature  18  Z  must  be  used  to  stimulate  enough  fibers  with 
synapses  still  functioning.  There  would  be  no  necessity  for  any  other 
view  than  that  each  nerve  fiber,  when  stimulated  by  a  shock  sufficient 
to  produce  a  local  excitatory  disturbance  at  the  point  of  stimulation 
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great  enough  to  discharge  a  propagated  disturbance,  responds  with  its 
maximum  activity  for  the  conditions. 

Whether  the  actual  propagated  disturbance  is  ^nailer  at  low  tem- 
peratures than  at  high  is  not  known.  Boruttau  (19)  has  suggested  that 
this  is  the  case.  Assuming  this  to  be  true,  on  coohng,  enoi^h  afferent 
fibers  carrying  weakened  impulses  would  have  to  converge  on  a  single 
efferent  fiber  to  produce  a  discharge  through  this  path.  In  other  words, 
there  would  be  need  for  a  sort  of  summation  of  stimuli  throi^h  afferent 
fibers  on  a  single  efferent  fiber.  Very  little  is  known  about  the  passage 
of  impulses  from  one  neurone  to  another.  The  phenomenon  of  "aftei> 
discharge"  suggests  that  some  sort  of  summation  may  take  place. 
And  the  greater  number  of  afferent  fibers  than  efferent  fibers  demands 
that  more  than  one  sensory  fiber  converge  on  a  single  motor  neurone. 

Adrian  (20)  has  shown  that  anaesthetics  affect  the  conduction  of  a 
nerve  impulse  by  causing  a  progressive  diminution  in  the  intensity 
of  the  impulse  until  it  finally  ceases  to  exist.  If  cooling  a  nerve  should 
cause  a  decrement  in  the  size  of  the  impulse  as  it  passes  away  from  its 
point  of  origin,  this  alone  might  account  for  the  greater  threshold  neces- 
sary for  the  reflex  response,  because  of  the  greater  distance  to  the  effector 
organs. ,  A  greater  threshold  stimulus  would  be  necessary  in  order  to 
affect  a  large  enough  group  of  fibers  in  which  a  certain  proportion  failed 
to  conduct  impulses  to  the  muscle  and  in  which  enough  fibers  conducted 
the  entire  distance  to  produce  a  minimal  response. 

The  results  presented  above  may  be  interpreted  according  to  the 
"all  or  nothing"  principle  by  assuming  that  at  low  temperatures  a 
greater  threshold  stimulus  is  necessary  in  order  to  include  a  sufficient 
number  of  functioning  synapses,  a  certain  number  being  entirely 
functionless  at  these  temperatures.  Or  if  it  should  be  that  the  nerve 
impulse  is  much  smaller  at  low  temperatures,  a  greater  number  of  fibers 
must  be  stimulated  in  order  to  conduct  the  weakened  impulses  to  a 
smaller  number  of  motor  neurones,  allowing  summation  and  reinforce- 
ment to  occur. 


1.  The  effects  of  changes  of  temperature  on  reflex  arc  and  nerve- 
muscle  preparation  in  the  same  animal  are  compared  in  spinal  fr<^. 
Changes  of  temperature  were  obtained,  ranging  from  4''C.  to  SO^C, 
by  immersing  the  animal  suspended  by  its  jaws  in  normal  saline  or 
Ringer's  solutions  of  various  temperatures.  The  Lucas  fluid  electrodes 
were  applied  directly  to  the  nerve-trunks. 
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2.  Cooling  depresses  reflex  irritability  and  nerve-muscle  irritability, 
as  indicated  by  a  rise  of  the  threshold  strength  of  stimulus.  Warming 
increases  the  irritability  of  both,  as  shown  by  a  lowering  of  the  threshold 
strength  of  stimulus. 

3.  Changes  of  temperature  affect  the  reflex  arc  more  than  the  nerve- 
muscle  preparation.  The  average  change  per  degree  for  the  reflex  is 
1.01  Z  units;  and  for  the  nerve-muscle,  0.11  Z  unit«.  The  ratio  is  about 
9tol. 

4.  The  greater  effect  of  cooling  on  the  reflex  arc  is  in  accord  with 
other  differences  between  conduction  in  the  reflex  arc  and  conduction 
where  no  synapse  is  involved;  and  the  results  presented  here  suggest 
that  the  place  of  incidence  of  this  greater  effect  is  at  the  synapse. 

5.  The  conclusions  reached  arc  reconciled  with  the  "all  ornothing" 
principle  for  nerve. 

I  wish  to  acknowledge  my  indebtedness  to  Dr.  E.  G.  Martin,  who 
gave  me  instruction  in  the  use  of  his  method,  and  to  Dr.  Alexander 
Forbes  for  bis  many  suggestions. 
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The  existing  mass  of  data  concerning  the  physiologic  and  pharmaco- 
logic action  of  adrenin  on  the  various  functions  of  the  body  is,  with 
but  few  exceptions,  complicated  by  the  concomitant  effects  of  general 
anesthesia.  The  data  on  the  effect*  of  the  various  anesthetics  per 
se  are  lacking  in  many  details.  A  possible  synergic  action  of  the  drugs,  ■ 
which  is  entirely  different  from  the  action  of  either,  may  exist.  Just 
what  this  action  may  be  cannot  safely  be  predicted.  That  anesthesia 
does  affect  the  adrenin  reaction  has  recently  been  shown  in  this  labora- 
tory by  Berry  (1),  in  his  study  of  the  effects  of  adrenin  on  the  blood 
pressure  reaction  of  the  unanesthetized  dog.  The  most  striking 
effect  observed  was  that  ether  anesthesia  markedly  depressed  the  blood 
pressure  reaction  to  adrenin.  The  question  then  arises,  Is  this  de- 
.  pression  exerted  on  the  vasomotor  system  as  a  whole  or  as  is  entirely 
possible,  are  the  vasoconstrictor  nerves  selectively  affected? 

The  extent  of  the  data  on  the  adrenin  problem  has  reached  such 
proportions  that  it  would  seem  that  the  time  is  at  hand  for  more  intelli- 
gent generalization  on  the  rdle  played  by  the  drug  in  the  various  normal 
and  pathological  activities  of  the  body.  Before  such  generalization 
can  safely  be  attempted,  however,  the  possible  variable  of  anesthesia 
must  beehminated.  The  whole  problem  of  the  pharmacology  of  adrenin 
in  the  unanesthetized  animal  is  therefore  in  need  of  study.  Cer- 
tain aspects  of  this  problem  are  now  under  investigation  in  our  labora- 
tory. The  first  specific  function  to  be  considered  is  that  of  the  effects 
of  adrenin  on  the  renal  secretion. 

The  generally  accepted  action  of  adrenin  on  the  secretion  of  urine  is 
that  of  marked  inhibition.  Tlie  recorded  literature  on  the  subject, 
however,  does  not  conclusively  support  this  fact.  Hardier  and  Fraen- 
kel  (2),  who  were  the  first  to  study  the  effects  of  adrenal  extracts  on  the 
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uriDary  secretion,  observed  a  marked  reduction  in  the  amount  of  urine 
passing  from  the  ureters  during  an  injection.  With  larger  doses  there 
was  complete  cessation  of  urine  flow.  These  reactions  were  then  fol- 
lowed by  marked  polyuria  which  lasted  for  some  considerable  time. 
Occasionally  the  injections  were  followed  at  once  by  polyuria.  Their 
experiments  were  made  on  anesthetized  dogs  apparently  under  the 
influence  of  curare.  Their  extracts  were  made  either  from  desiccated 
glands  or  from  fresh  glands  macerated  for  twenty-four  hours  at  body 
temperature.  Judging  from  the  effects  on  the  arterial  pressure,  rel- 
atively large  doses  of  the  drug  were  employed.  Whether  the  use  of 
curare  or  the  presence  of  protein  decomposition  products  in  their  ex- 
tracts played  any  part  in  their  resuhs  was  not  determined.  Scblayer 
(3)  in  his  study  of  experimental  nephritis  observed  that  adrenin,  when 
administered  intravenously  to  animals  containing  much  fluid,  acts 
under  certain  conditions  as  a  diuretic.  In  some  unpublished  studies 
on  the  effect  of  adrenin  on  the  intestinal  and  renal  secretion  of  the  d<^ 
during  hydraemic  plethora,  we  failed  to  observe  this  effect.  After 
repeated  injections  of  varying  dosages  of  adrenin  the  urinary  output 
was  decreased  and  was  often  one-fifth  to  one-tenth  of  that  of  the  small 
int^estine.  Schlayer  used  large  doses  of  ^adrenin  without  blood  pressure 
.  control  and  the  majority  of  his  ftnimalH  were  renally  abnonnaL  Bibei^ 
feld  (4)  reported  that  the  subcutaneous  injection  of  adrenin  in  doses 
of  1.5  to  2.5  mgm.  per  kilo,  produces  a  marked  diuresis  in  rabbits.   Pollak 

(5)  also  observed  diuresis  to  occur  from  adrenin  injection.    Sollman 

(6)  observed  that  in  the  perfused  kidney,  when  adi^iin  was  added  to 
the  perfusate  to  make  a  dilution  of  1-50,000,  there  was  a  marked  de- 
crease in  the  rate  of  urine  flow.  The  concentration  of  adrenin  used  by 
this  investigator,  however,  was  such  as  to  more  nearly  produce  a 
toxicologic  rather  than  the  physiologic  action  of  the  drug.  Meltcer 
and  Auer  (7)  observed  that  adrenin  restricts  elimination  and  suggested 
that  the  substance  probably  interferes  with  the  eliminating  power  of  the 
kidney.  Again,  however,  the  effects  of  fairly  large  doses  of  the  drug 
were  studied  whereas  there  is  every  probability  that  under  physiologic 
conditions  only  minute  quantities  are  ever  present  in  the  blood  stream. 
Kleiner  and  Meltzer  (8)  later,  in  an  extended  comparison  of  the  effects 
of  subcutaneous  and  intramuscular  injection  of  adrenin  in  rabbits, 
showed  that  the  absorption  of  the  drug  must  be  at  a  very  slow  rate  to 
produce  diuresis.  Diuresis  occurred  only  with  subcutaneous  doses  of 
0.7  to  1.0  mgm.  per  kilo.  Intramuscular  doses  of  this  size  or  larger  doses 
subcutaneously  were  found  to  inhibit  the  flow  of  urine.     Cow   (9) 
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established  the  anatomical  relationship  of  an  anastomotic  branch  of  the 
adrenal  vein  with  the  cortex  of  the  ludney.  From  a  seriea  of  perfusion 
studies  he  concludes  that  under  certain  conditions  adrenin  in  appreci- 
able amounts  is  poured  directly  into  the  kidneys  from  the  suprarenal 
bodies  of  the  intact  animal,  producing  a  diminution  in  the  flow  of  urine. 
Failing  to  find  reported  in  the  literature  the  effects  of  threshold 
dosages  and  of  slow  infusions  of  adrenin  on  the  urine  flow,  which  prob- 
ably more  nearly  approach  the  normal  discharge  of  the  gland,  it  was 
necessary  to  study  the  effects  of  these  dosages  in  the  anesthetized  dog 
for  comparison  with  their  effects  in  the  unanesthetized  animal. 


Medium  sized  dogs  were  used  as  experimental  animals.  Quiet, 
good-natured  dogs  were  selected  and  great  care  used  to  avoid  exciting 
them.  After' some  petting,  the  dog  was  carefully  and  quietly  laid  on 
the  operating  board  and  strapped  back  down.  In  the  early  experi- 
ments one-eighth  to  one-fourth  of  a  grain  of  morphine  was  administered 
but  later  with  careful  handling  this  was  found  to  be  unnecessary.  One 
to  two  cubic  centimeters  of  2  per  cent  cocaine  solution  or  an  equal 
amount  of  1  per  cent  quinine-urea  bimuriate  solution  were  injected 
intradermally  over  the  femoral  artery  and  vein  just  below  Poupart's 
ligament.  After  waiting  a  few  minutes  for  the  anesthetic  to  take 
effect,  arterial  and  venous  cannulas  were  set.  Next  the  skin  and  sub- 
cutaneous tissue  over  the  lower  median  line  of  the  abdomen  were 
injected  with  the  anesthetic.  Again  after  waiting  a  few  minutes  an 
incision  5  or  6  cm.  in  length  was  made  into  the  abdominal  cavity, 
beginning  at  the  upper  border  of  the  pubic  bone  and  extending  cephalad. 
The  urinary  bladder  was  then  aspirated  if  necessary  and  drawn  through 
this  incision.  The  ureters  were  each  isolated  and  cannulated  close  to 
the  bladder  and  the  viscus  was  replaced  in  the  abdomen.  The  abdomi- 
nal incision  was  then  closed,  leaving  the  cannulas  protruding  from  the 
wound.     All  manipulations  were  made  with  as  little  trauma  as  possible. 

The  ureteral  cannulas  were  led  into  a  Y  tube  which  extended  over 
the  edge  of  the  table  and  the  system  was  filled  with  water  or  salt  solu- 
tion. The  blood  pressure  was  recorded  from  the  femoral  artery  with 
an  undamped  mercury  manometer.  The  ureteral  outflow  was  recorded 
in  drops  by  means  of  a  key  and  signal  marker.  Adrenin  (Parke,  Davis 
and  Company's  "Adrenahn")  in  varying  doses  was  injected  into  the 
femoral  vein,  using  a  small  amount  of  warmed  0.8  per  cent  sodium 
chloride  solution  to  flush  it  in. 
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Rapid  abBorption  of  the  cocaine  aolution  was  found  often  to  make 
the  animala  very  irritable.  In  one  case  the  dog  died  in  convulsions 
on  the  table.  The  observations  made  under  cocaine  anesthesia  were 
therefore  discarded.  Quinine-urea  bimuriate  in  1  per  cent  solution 
was  substituted.  The  perfect  anesthesia  resulting  frran  its  use  was 
remarkable.  The  duration  of  the  experiments  was  from  three  to  six 
hours.  Quite  often  the  dogs  would  sleep  throughout  the  greater  part 
of  this  time. 

For  comparison,  after  a  number  of  reactions  had  been  recorded  on  the 
unanesthctized  dog,  ether  was  administered  and  the  injections  repeated. 
The  effect  of  ether  on  the  urine  flow  was  very  striking.  As  soon  as  the 
animal  commenced  to  struggle  against  the  anesthetic,  the  urine  flow 
immediately  ceased.  The  return  was  very  slow  requiring  some  fifteen 
to  thirty  minutes.  In  view  of  the  following  observed  effects  of  adrenin 
on  the  urine  flow,  this  might  be  interpreted  as  due  to  a  discbai^  from 
the  adrenal  glands.  It  was  not  due  to  the  struggling  alone  for  in  one 
dog  that  was  sleeping  the  administration  of  ether  occasioned  a  marked 
diminution  in  the  urine  flow  without  any  struggling.  The  inhibitory 
influence  of  ether  on  the  urine  flow  may  well  be  due  to  adrenin  for 
ElUott  (10)  has  shown'  that  ether  produces  discharge  of  the  adrenal 
glands.  On  the  other  hand  it  must  be  recognized  that  this  is  only  one 
of  the  various  possible  explanations.  The  recent  work  of  Stewart 
and  his  collaborators  (11)  must  make  us  cautious  in  ascribing  to  the 
adrenal  glands  the  causation  of  reactions  which  can  be  explained  on 
other  grounds. 

The  effect  on  the  urine  flow  of  adrenin  in  all  effective  doses  in  both 
anesthetized  and  unanesthctized  dogs  was  that  of  marked  inhibition. 
In  the  unanesthctized  animal  the  threshold  for  the  reaction  was  found 
to  be  lower  than  after  ether  anesthetization.  Figure  1  shows  the  results 
of  an  injection  of  0.5  cc.  of  a  1-200,000  dilution  of  adrenin  with  practic- 
ally a  negative  blood  pressure  reaction  but  with  more  than  50  per  cent 
reduction  in  the  urine  output.  This  is  the  characteristic  effect  of 
injections  of  all  dosages.  The  injection  of  larger  doses  produces  a 
complete  cessation  of  urine  flow  until  ten  or  twenty  seconds  after  the 
blood  pressure  has  returned  to  normal.  Figure  2  shows  the  effect  of  a 
pressor  infusion.  During  the  greater  part  of  the  blood  pressure  re- 
action there  is  practically  a  complete  cessation  of  the  urine  flow.  The 
normal  outflow  returns  at  about  the  same  time  the  blood  pressure 
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reaches  normal.  This  type  of  reactioo  was  observed  with  all  streogths 
and  rates  of  infusion,  the  degree  of  urinary  inhibition  varying  directly 
with  the  concentration  and  rate  of  infusion. 

The  effects  of  infusions  lasting  fifteen  to  thirty  minutes  gave  results 
which  were  somewhat  striking.  In  dog  no.  14  an  infusion  lasting  thirty 
minutes  and  thirty  seconds  was  started  while  the  urine  flow  was  ap- 
proximately one  drop  in  five  seconds.  During  the  first  sixty-five  sec- 
onds of  the  infusion,  four  drops  of  urine  flowed.  From  then  until  the 
infusion  was  shut  off,  (twenty-nine  minutes  and  twenty-five  seconds,) 
but  four  drops  flowed.     Eight  minutes  after  the  infusion  was  shut  off 


Pig.  1.  Graph  showing  eETecta  or  threshold  adrcnia  injectioD  on  urine  flow  uut 
femoral  blood  pressure  of  &n  un&nesthetiied  dog.  Dose,  0.5  cc-  of  1-200,000 
dilution.    Time,  five  seconds.    No  reduction.    Dog  weight,  14  kiloa. 

the  urine  returned  to  and  remained  normal.  The  quantity  of  the  in- 
fusion was  30  cc.  of  a  1-50,000  solution  of  adrenin.  There  was  a  blood 
pressure  rise  of  20  mm.  of  mercury  (from  120  mm.  to  140  mm.).  The 
-  most  striking  feature  of  such  observations  was  that  the  urine  flow 
should  so  soon  return  to  normal  after  practically  an  anuria  of  so  long 
a  duration.  It  would  seem  to  suggest  that  adrenin  protfuoes  the  marked 
inhibition  on  the  urine  flow  in  a  way  other  than  by  the  ischemia  of  reno- 
constriction.  It  is  possible  as  Meltzer  and  Auer  (7)  have  suggested 
that  the  substance  in  some  way  interferes  with  the  eliminating  power 
of  the  kidney  and  the  action  may  be  on  the  secreting  cells  directly. 
If  this  be  true,  the  action  is  merely  inhibitory  for  repeated  injections 
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of  the  drug  during  aa  experiment  did  not  permanently  decrease  the 
flow  of  urine. 

Considerable  attention  was  directed  toward  threshold  dosages  of  the 
drug  to  detect  the  appearance  of  any  diuretic  effect  but  none  was  ob- 
served. 

It  was  observed  that  when  10  to  20  cc.  of  the  "flush  in"  solution  were 
used  with  an  adrenin  injection,  an  "over-recovery"  occurred  in  the 
urine  flow.  When  smaller  amounts  of  the  "flush  in"  solution  were 
used  and  with  infusions  when  no  "flush  in"  solution  was  used,  this 
"over-recovery"  was  not  observed  and  was  due,  therefore,  either  to  the 
slight  degree  of  hydraemic  plethora  induced  by  the  salt  solution  or  to 
a  direct  stimulation  of  the  renal  cells  by  the  sodium  chloride. 


Fig.  2,  Graph  showing  e&ecU  of  adrenin  infusion  on  urine  flow  and  f^ 
morftl  blood  pressure  of  unanesthetiied  dog.  Dose,  20  cc.  of  sdrenin  1-200,000 
in  one  hundred  and  ninety  Mconda,  from  o  to  b.  Time,  five  seconds.  Reduced 
to  one-third.    Dog  weight,  7  kilos. 

BUMHARY   AND   CONCLUSIONS 

1.  Adrenin  in  all  elTective  dosages  administered  intravenously  in- 
hibits the  urine  flow  in  both  anesthetized  and  unanesthetized  dogs. 

2.  The  threshold  of  the  reaction  is  slightly  lower  in  unanesthetized 
than  in  anesthetized  animals. 

3.  Small  injections  and  infusions  merely  inhibit  the  flow  of  urine 
while  larger  doses  produce  a  complete  cessation  of  flow. 

4.  The  inhibition  usually  persists  until  shortly  after  the  blood  pressure 
reaction  is  complete. 

5.  Diuresis  succeeding  the  inhibition  was  not  observed. 

6.  The  rapid  rettirn  of  the  flow  to  normal  after  prolonged  infusions 
suggests  that  the  drug  exercises  its  inhibition  on  the  kidney  function 
in  a  way  other  than  by  the  ischemia  produced. 

7.  During  the  administration  of  ether  the  urine  flow  is  completely 
checked  and  recovery  under  the  anesthetic  takes  place  slowly. 
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PROCEEDINGS  OF  THE  AMERICAN   PHYSIOLOGICAL 
SOCIETY 

Thirtieth  Annual  Meeting 

Minneapolis.  December  27.  28,  1917;  Rocheater,  December  29   1917 

Some  phases  of  industrial  fatigue.    Frederic  S.  Lee  (for  the  Committee 

on  Industrial  Fatigue).' 

The  investigation  of  induetrial  fatigue  was  assigned  to  the  author  by 
the  Committee  on  Physiology  of  the  National  Research  CounciL  The 
Committee  on  Industrial  Fatigue  was  thereupon  organized  under  the 
Advisory  Commission  of  the  Council  of  National  Defense  and  became 
associated  with  the  U.  S.  Public  Health  Service,  which  appointed  to  posi- 
tions on  its  staff  several  members  of  the  Committee  and  appropriated 
asumofmoney  to  defray  the  expenses  of  the  work.  Since  July,1917, 
the  Committee  has  been  engaged  in  an  investigation  of  munit  on  facto- 
ries from  the  physiological  standpoint,  with  two  aims  in  view:  the  more 
purely  scientific  one  of  learning  how  the  human  machine  works  in  indus- 
try; and  the  practical  aim  of  discovering  the  condi  ions  under  which  it 
can  work  most  efficiently,  and  endeavoring  to  secure  the  establishment 
of  these  conditions  in  factories  that  are  manufacturing  war  supplies. 
While  visiting  and  observing  the  work  in  many  places,  two  leading  fac- 
tories were  selected  for  intensive  study;  a  brass  factory  which  was 
engaged  largely  in  making  fuses  for  explosive  shells ;  and  an  automobile 
factory  which  was  devoting  a  considerable  part  of  its  resources  to  govern- 
ment work.  In  the  brass  factory,  the  day  shift  works  ten  hours  in  two 
spells  of  equal  length  and  has  one  hour's  interval  for  luncheon;  the 
night  shift  works  twelve  hours  and  has  twenty  minutes  for  luncheon 
immediately  after  midnight.  In  the  automobile  factory  there  is  an 
eight  hours'  working  period  divided  into  two  spells  by  a  luncheon  period 
of  about  one  half  hour.  Especial  attention  has  been  given  to  studying 
quantitatively  the  output  of  the  individual  during  each  hour  of  the 
working  period.  More  than  thirty  different  operations,  involving 
repetitive  work,  have  been  studied  and  from  thirty  to  several  hundred 
observations  in  each  have  been  made. 

The  curve  of  output  has  been  found  to  vary  with  the  character  of  the 
work.  Where  close  attention  and  exact  muscular  coordination  are  re- 
quired, the  average  output  curve  of  the  individual  during  the  iirst  spell 


Fredeno  S.  Lee.  Ejwcutive  ^eretary;  Robart  B.  Cbsddook,  Raymond  Dodn, 
David  L.  Edsall.  P.  Sargant  Floreaee,  .Misa  Joaepbiae  Ooldmark,  Ernait  u. 
Martin,  Eroeet  L.  Soott  and  J.  W,  Sobereachewaky. 
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resembleB  that  of  a  single  excised  muscle  stimulated  for  a  given  period 
by  a  series  of  single  induction  shocks.  In  both  there  occur  in  succession 
a  rise  (treppe  in  the  muscle,  "practice  effect"  in  the  human  being),  a 
maximum,  and  a  fall  indicating  fatigue.  In  operations  that  are  mark- 
edly muscular,  though  here  further  observations  are  desired,  there 
appears  to  be  a  steady  fatigjie  fall  from  the  first,  with  little  or  no  practice 
effect,  but  often  with  a  minor  rise  and  fall  ("spurt")  just  before  the  end 
of  the  spell.  In  monotonous  operations  involving  frequent  pauses,  the 
curve  after  a  slight  practice  effect  becomes  horizontal,  with  no  fatigue 
fall.  During  the  second  spell,  after  rest  and  food,  the  curves  are  re- 
peated as  to  their  general  form,  but  there  appears  at  first  a  recovery  of 
working  power,  if  fatigue  has  resulted  from  the  work  of  the  first  spell, 
and  the  final  fatigue  fall  is  more  pronounced  that  at  first.  The  opera- 
tions that  have  been  studied  during  the  night  shift  of  twelve  hours  re- 
veal curves  in  general  like  those  of  attentive  work,  but  during  the  last 
two  hours  output  falls  off  greatly  and  during  the  final  forty  minutes 
often  nothing  whatever  is  produced. 

Wherever  the  output  curves  show  a  pronounced  fall  as  the  spell  pro- 
ceeds, the  introduction  of  rest  periods  is  indicated,  and  the  Committee 
has  therefore  recommended  that  in  such  cases  each  spell  be  broken  by  a 
ten  minutes'  resting  interval.  This  has  been  done  with  certain 
groups  of  workers  in  the  eight  hour  shift  with  the  result,  in  especially 
fatiguing  operations,  of  increasing  the  output  by  6  to  ,8  per  cent.  The 
Committee  further  recommends  that  the  twelve  hour  night  shift  be 
shortened  by  two  hours,  and  this  is  about  to  be  established  experi- 
mentally with,  it  is  hoped,  no  diminution  and  possibly  an  actual  increase, 
of  the  total  night's  production. 

The  Committee  finds  very  prevalent  an  output  that  is  almost  or 
quite  uniform  from  day  to  day  and  week  to  week,  even  where  piece-rate 
wages  prevail.  It  is  often  far  below  individual  capacity  and  perhaps 
represents  a  physiological  defense  of  the  individual  against  overdriving. 
How  this  "stereotyped"  output  may  be  eliminated  and  production  be 
raised  more  nearly  to  physiological  capacity  is  receiving  the  attention 
of  the  Committee. 

The  Martin  spring  balance  muscle  test,  now  used  for  the  first  time 
in  industrial  work,  has  shown  that  it  is  capable  of  revealing  fatigue  in 
the  individual  and  also  that  each  factory  operation  has  its  own  standard 
of  strength.  The  Committee  recommends  its  use  in  factories  in  classify- 
ing workers  and  aligning  them  to  their  appropriate  tasks  and  as  a  gen- 
eral test  of  the  physical  condition  of  workers  from  time  to  time. 

The  Committee  has  also  made  observations  on  certain  chemical 
changes  occurring  in  fatigue,  on  the  rhythm  of  individual  workers,  on 
the  course  of  accidents  throughout  the  working  spell,  on  the  problem  of 
labor  turnover,  and  the  occurrence  of  minor  illnesses  in  workers,  but 
their  conclusions  on  these  matters  are  not  yet  ready  for  publication. 
The  work  is  still  proceeding. 
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On  Weiehardt's  BO-eaUed  "fatigue  toxin."    Frederic  S.  Lee  and  B. 

Abonovitch. 

When  juice  is  pressed  out  of  the  muscles  of  fatigued  animab  and 
injected  into  other  animals  there  result  stupor  and  a  temporary  lowering 
of  the  body  temperature.  Such  fatigue  juice  when  administered  to 
excised  muscles  causes  a  marked  decrease  in  their  working-power,  as 
shown  by  a  shortening  of  the  working  period  and  a  decrease  of  the  tolal 
work  performed. 

Juice  from  the  muscles  of  non-fatigued  animals  exerts  exactly  the  same 
action  as  fatigue  juice,  on  both  animals  and  excised  muscles. 

The  experiments  thus  fail  to  confirm  Weichardt's  assumption  of  the 
existence  of  a  specific  toxin  of  fatigue.  This  conclusion  is  supported 
by  an  examination  of  Weichardt's  writings,  which  shows  that  he  uses 
the  terms  "toxin"  and  "antitoxin"  vaguely  and  not  in  accord  with  the 
present  use  of  serologists. 

The  Quantitative  measurement  of  general  fatigue,    A.  H.  Rtan  (with  the 

collaboration  of  J.  H.  Gordon). 

The  present  experiments  were  begun  in  a  search  for  further  methods 
of  measuring  fatigue.  The  following  tests  were  employed;  visual 
acuity,  as  recently  used  by  Stanley  Kent;  copying  test,  in  which  simple 
text  was  copied  for  a  period  of  ten  minutes,  the  characters  written,  and 
number  of  errors  being  computed;  systolic  and  diastolic  blood  pressure; 
and  the  vascular  skin  reaction  as  described  by  Marey,  consisting  of  the 
appearance  of  a  white  line  on  the  skin,  after  the  skin  is  gently  stroked 
with  a  blunt  instrument.  The  stroke  was  made  on  the  flexor  surface  of 
the  forearm,  and  sometimes  on  the  chest  and  back,  and  the  white  streak 
which  occurred  was  studied,  in  regard  to  latent  period,  time  required  for 
reaching  the  maximum  intensity,  time  at  which  it  began  to  spread  and 
fade,  and  the  time  of  complete  disappearance.  An  instrument  was  de- 
vised by  which  the  stroke  could  always  be  made  with  the  same  pressure, 
adapting  the  principle  Of  GrUtzner's  '  'myographion." 

In  the  first  series  of  experiments  on  a  group  of  five  hospital  nurses, 
lasting  three  weeks,  the  observations  were  made  in  the  morning,  at  noon, 
and  in  the  evening,  after  meals.  In  regard  to  the  visual  acuity,  the 
copying  test,  and  the  blood  pressure,  no  definite  relation  could  be  estab- 
lished between  work,  rest  in  the  afternoon,  and  loss  of  sleep,  and  the 
results  of  the  tests.  In  regard  to  the  vascular  skin  reaction  it  was  found 
that  the  length  of  time  between  the  making  of  the  stroke,  and  the  be- 
ginning of  fading  of  the  streak,  fading  time,  was  always  decreased  by 
work  and  activity,  and  increased  by  rest  or  sleep.  The  recovery  at 
night  was  less  if  the  night's  rest  was  poor. 

In  several  subjects  climbing  a  hill  for  half  an  hour,  there  alwajrs  re- 
sulted a  definite  decrease  iu  the  fading  time  of  the  reaction,  which  was 
recovered  from,  by  reclining.  Partial  recovery  from  strenuous  work 
was  observed  during  the  progress  of  lighter  work. 

Daily  observations  on  the  vascular  skin  reaction  in  one  subject,  for 
two  weeks,  at  one  and  a  half  hour  intervals  during  the  day,  showed  a 
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continuouB  decrease  in  the  fading  time  of  the  reaction  during  the  day,  in 
proportion  to  the  severity  of  the  work.  Partial  recovery  occurred  dur- 
ing lunch  hour,  and  whenever  the  subject  rested. 

A  short  series  of  control  experiments  were  made  upon  the  effect  of 
temperature;  also  upon  subjects  resting  throughout  the  day.  The 
influence  of  barometric  pressure  was  ruled  out. 

Four  of  the  nurses  had  "colds,"  and  one  had  a  recurrence  of  fever, 
following  an  old  tuberculous  peritonitis.  These  conditions  were  either 
preceded  by,  or  occurred  simultaneously  with,  a  low  level  in  the  fading 
time  of  the  reaction. 

The  following  observations  were  made  relative  to  the  mechanisms 
concerned  in  the  production  of  the  streak.  First,  when  a  certain  sub- 
ject was  "chilly,"  "goose-flesh"  could  be  obtained  wherever  the  stroke 
was  made,  and  its  appearance  considerably  preceded  the  appearance  of 
the  white  streak,  and  disappeared  sooner.  Second,  a  white  streak  which 
has  almost  completely  faded,  may  be  revived  by  making  a  stroke  in  a 
neighboring  skin  area.  Third,  embarrassment  may  result  in  the  appear- 
ance of  a  red  streak  preceding  the  white  streak.  This  was  first  observed 
in  a  girl  who  had  made  a  misstatement  regarding  a  question  in  her  his- 
tory of  the  previous  day. 

Strength  tests  in  industry.    E.  G.  Martin, 

Tests  of  muscularstrength,  according  to  amethod  previously  reported, 
were  made  on  operatives  in  munition  factories.  The  strength  is  de- 
termined by  measuring  with  a  dynamometer  the  maximum  resistance  to 
a  puU  which  overcomes  the  contraction  of  the  muscle-group  under 
examination.  To  make  the  test  practicable  for  industrial  conditions  it 
waa  abbreviated  by  using  only  five  pairs  of  muscle-groups  (pectorals, 
flexors  of  forearm,  flexors  of  wrist,  adductors  of  thigh,  abductors  of 
thigh),  and  computing  from  these  the  entire  bodily  strength.  Previous 
investigation  had  shown  that  this  computation  is  accurate  within  an 
average  range  of  5  per  cent. 

The  following  results  were  obtained: 

The  normal  non-athletic  individual  tends  to  show  a  strength  whic  is 
roughly  twenty-five  times  his  weight.  The  chief  exceptions  will  be 
found  among  very  light  and  very  heavy  individuals. 

In  industrial  operations  caUing  for  the  exercise  of  strength  there  is  a 
pronounced  tendency  toward  a  standard  strength  for  each  job.  In 
other  words,  operations  in  which  a  definite  exertion  is  required  tend 
to  develop  a  degree  of  strength  determined  rather  by  the  exertion  than  by 
the  weight  of  the  worker. 

Comparisons  of  strength  at  the  beginning  and  end  of  the  work-shi  t 
showed  that  in  general  there  is  in  the  easy  jobs  a  tendency  to  make  a 
better  showing  at  the  end  than  at  the  beginning.  In  the  operations 
requiring  moderate  exertion  the  stronger  workers  do  better  at  the  end 
than  at  the  beginning,  but  the  weaker  workers  are  likely  not  to  do  so 
well  at  the  end  as  at  the  beginning.  In  the  hard  jobs  all  the  workers 
tend  to  do  less  well  at  the  end  than  at  the  beginning. 
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Comparisona  of  the  daily  strength  records  of  workers  with  their  daily 
production  records  show  that  on  days  in  which  good  strength  records  are 
made  production  is  likely  also  to  be  good,  and  on  days  in  which  poor 
strength  records  are  made  output  is  likely  to  be  poor. 

Nutritive  factors  in  aome  animal  tissues.     Lafayette  B.  Mendel  and 

Thomas  B.  Osborne. 

Rats  fed  on  a  diet  in  which  skeletal  bee '  muscle  formed  the  sole  source 
of  protein  and  water-soluble  vitamine  grew  for  a  few  days  and  then  de- 
clined. Addition  of  small  amounts  of  yeasts  to  the  food  promoted 
rapid  recovery  and  growth.  Accordingly  such  muscle  contains  protein 
suitablefornutritionbut  is  deficient  in ithe  water-soluble  vitamine. 

Beef  thoroughly  extracted  with  water  and  fed  as  the  sole  source  of 
protein  and  water-soluble  vitamine  in  an  otherwise  adequate  food  mix- 
ture failed  to  promote  growth;  animals  thus  fed  declined  immediately. 
The  addition  of  small  quantities  of  yeast,  corn  germs,  wheat  embryo, 
"protein-free  milk"  or  dried  liver  to  this  diet  checked  the  decline  and 
induced  rapid  growth,  showing  that  the  protein  of  the  extracted  meat 
was  adequate  for  growth,  but  that  the  water-soluble  vitamine  was 
lacking. 

A  sufficient  quantity  of  the  water  extract  of  meat  may  furnish  enough 
wat«r-soluble  vitamine  to  promote  considerable  growth. 

Dried  liver  and  dried  heart  suffice  as  the  sole  source  of  protein  and 
water-soluble  vitamine  in  an  otherwise  adequate  dietary.  Whether 
they  can  furnish  sufficient  fat-soluble  vitamine  is  being  determined. 

Further  observations  on  the  production  of  lactic  add  following  alkaline 

injections.    J.  J.  R.  Macleod. 

The  immediate  increase  in  the  lactic  acid  content  of  blood  produced 
by  injections  of  sodium  carbonate  sufficient  to  lower  C^  raised  the  ques- 
tion as  to  whether  the  function  of  acid  production  might  be  to  neutraUze 
the  alkali.  Production  of  lactic  acid  out  of  carbohydrate  would  then 
serve  as  an  acid  reserve  of  the  acid  base  equilibrium  of  the  body.  If 
such  should  be  the  case,  much  of  the  acid  would  be  excreted  with  the 
urine,  and  both  in  this  secretion  and  in  the  blood  no  perceptible  change 
in  Ch  of  the  blood  would  necessarily  occur. 

The  following  experments  bearing  on  this  aspect  of  the  problem  have 
been  partially  completed. 

1,  When  5  percent  sodium  carbonate  solution  was  injected  intrave- 
nously in  etherized  rabbits  at  the  rate  of  1  cc.  per  minute,  it  gradually 
raised  Pn  of  blood  from  7.4  to  7.8  in  about  three  hours,  without  having 
any  marked  effect  on  the  respiratory  rate.  The  urine  was  freely  ex- 
creted, and  the  percentage  of  lactic  acid  rose  from  the  normal  of  about 
0.01  to  over  0.30.  A  total  of  7.5  grams  NaiCOt  was  injected,  and  a  total 
of  0.654  gram  lactic  acid  excreted.  Between  5  and  6  had  therefore 
been  excreted  as  sodium  lactate. 

2.  In  a  similar  observation  on  dogs,  the  percentage  of  lactic  acid  in 
the  urine  rose  ioonecasefrom  0.028  to  0.201,  and  in  another  from  0.045 
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to  0.495.  In  the  former  case  2  per  cent  NaiCO)  was  iojected  (1  cc.  per 
minute) ,  and  Ph  of  blood  rose  to  7.9  in  four  hours.  In  the  latter  case  1 
per  cent  NaiCOt  was  injected,  the  Ph  rising  to  7.6  in  three  hours. 
Diuresis  was  present  in  both  cases. 

3.  An  etherized  dog  was  injected  with  1  per  cent  NajCO*  at  the  rate 
of  2.5  per  minute,  receiving  in  all  4  grams  NajCOg  in  two  and  three- 
fourth  hours.  Ph  of  blood  remained  at  7.4.  The  C0»  percent^e  roBe 
only  sUghtly  and  a  total  of  0.392  gram  lactic  acid  was  excreted  by  the 
urine.  Between  5  and  6  per  cent  of  the  administered  alkali  was  there- 
fore excreted  as  lactate. 

4 .  The  daily  urine  was  collected  in  a  cat  that  was  fed  by  stomach  tube 
with  a  regular  daily  ration  of  minced  Uver  and  flour.  After  a  prelimi- 
naryperiodof  eight  days,  sodium  carbonate  was  added  to  the  food  for  a 
further  period  of  fi.ve  days,  this  being  followed  by  another  normal 
period.  During  the  alkali  period,  Pb  of  the  urine  rose  from  6.1-6.3  to 
8.2-8.3.  The  volume  rose  somewhat,  and  the  relative  percentage  of 
ammonia-nitrogen  fell  from  about  4  to  less  than  2.  The  total  daily 
excretion  of  lactic  acid  during  the  normal  periods  averaged  5.5  mgm. 
(varying  between  3.55  mgm.  and  7,3  mgm.) ;  during  the  alkali  period 
the  average  was  10. 5  mgm. .being  much  greater  (0.022  mgm.)  on  the  first 
few  days  than  subsequently.  A  similar  result  was  obtained  on  a  cat 
given  bicarbonate  in  place  of  carbonate. 

5.  No  diEFerence  was  observed  in  the  percentage  of  lactic  acid  in  the 
daily  urine  of  three  rabbits  according  to  whether  they  were  starved  for 
several  days  or  fed  with  cabbage.  The  total  excretion  for  twenty-four 
hours  was  greater  in  the  case  of  the  fed  animals,  but  the  very  much  greater 
water  excretion  of  these  as  compared  with  the  starved  animab  probably 
explains  the  difference. 

6.  No  difference  was  observed  in  the  percentage  or  in  the  total  amount 
of  lactic  acid  in  the  daily  urine  of  rabbits  fed  liberally  with  cabbage  with 
or  without  alkali. 

7.  Administration  of  sodium  bicarbonate  in  therapeutic  doses  in  man 
caused  a  distinct  increase  in  the  excretion  of  lactic  acid  which  was  most 
marked  in  the  urine  of  the  day  following  the  administration. 

(o)  The  isolation  and  ideTitification  of  the  thyroid  hormone;  (b)  The 
physiological  action  of  the  thyroid.  E,  C.  Kendall. 
The  method  for  the  isolation  of  the  iodin-containing  compound  of 
the  thyroid  was  briefly  reviewed,  and  its  empirical  formula  shown  to  be 
CiiHidOiNIi,  and  its  structural  formula  has  been  established  as  tri- 
hydro  tri-iodo  oxy-indol  propionic  acid.  The  oxy-indol  group  can 
change  to  the  hydroxyl,  and  does  change  when  the  compound  is 
dissolved  in  an  alkaline  solution. 

Physiological  testing  has  shown  that  this  substance  will  relieve  all 
symptoms  of  cretinism  and  myxedema  to  the  same  extent  as  desiccated 
thyroid.  Furthermore,  there  is  no  relief  of  the  conditions  of  cretinism 
and  myxedema  by  all  of  the  constituents  of  the  thyroid  other  than  this 
substance. 
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From  a  consideration  of  its  structural  formula,  it  is  possible  to  relate 
its  physiological  activity  to  chemical  reactions  produced  by  the  imino 
group  of  the  indol  ;iucleus  and  the  carbonyl  group.  It  has  been  shown 
that  this  substance  will  react  in  vitro  with  amino  acids;  that  the  carbonyl 
group  condenses  with  the  amino  group  of  amino  acids,  and  that  the  imino 
group  is  exceedingly  reactive  with  the  carboxy.  It  seems  probable  that 
the  physiological  activity  of  the  substance  is  due  to  the  action  between 
itself  and  the  amino  acid.  There  may  be  three  results  of  this  action, 
(1)  deaminiiation,  (2)  decarboxylation,  and  (3)  both.  To  show  the  re- 
action of  these  two  groups,  the  imino  and  carbonyl,  derivatives  of  each 
were  made.  It  was  found  that  the  animal  organism  could  utilize  the 
substance  when  the  cartwnyl  group  had  reacted  forming  a  nitrogen 
derivative,  and  this  reaction  presumably  ia  involved  in  the  deaminizing 
action  of  the  substance  in  the  body.  However,  replacing  the  hydrogen 
of  the  imino  group  with  derivatives  renders  the  substance  inert  within 
the  animal  organism.  Hence,  it  is  improbable  that  this  action  occurs 
in  the  functioning  of  the  compound  within  the  body,  Thi&  reaction 
shows  also  that  when  the  imino  group  can  not  function,  the  entire  com- 
poimd  is  rendered  physio  logically  inert.  Bearing  in  mind  this  physio- 
logtcal  activity,  the  compound  has  been  named  "thyro-oxy-indol," 
This  word,  being  too  long  to  extend  to  every-day  use,  has  been  abbre- 
viated to  "thyroxin." 

Evidence  was  submitted  which  supports  the  hypothesis  that  this 
substance  is  the  only  compound  in  the  thyroid  secretion  which  is  essen- 
tial for  the  production  of  thyroid  activity  in  the  body,  and  hence  it  may 
be  considered  the  thyroid  hormone. 

The  influence  of  music  upon  electrocardiograms  and  blood  pressure.    I.  H. 

Hydb  and  W.  Scalapino. 

The  object  of  the  experiments  of  which  only  the  beginning  is  here 
briefly  summarized,  is  to  ascertain  the  effect  of  different  kinds  of  musio 
upon  the  heart  and  blood  pressure,  in  individuals  who  are  known  to 
have  musical  talent,  and  are  fond  of  music,  also  in  persons  who  are 
indifferent  and  have  no  fondness  for  music,  in  neurasthenics  and  in 
some  animals. 

The  effects  of  the  three  following  pieces  of  music  were  investigated, 
Tschaikowsky's  death  symphony,  characterized  by  its  tragic  slow 
minor  movements;  Toreador's  brilUant  description  of  the  bull  fight, 
from  Carmen,  and  the  National  Emblem,  a  stirring  rhythmical  march 
by  Sousa.  The  experiments  were  conducted  on  three  men  who  are 
fond  of  music.  The  data  from  subject  "A"  being  more  extensive 
and  quite  typical  are  here  presented. 

The  cardiograms  were  obtained  with  an  Einthoven  string  galvanom- 
eter, and  the  blood  pressure  with  a  Tycos  and  modified  Erlanger 
sphygmomanometer.  The  records  were  taken  before,  during  and 
after  listening  to  the  music. 

A  study  of  the  cardiograms  and  tabulated  results,  revealed  first, 
that  the  effects  of  the  minor  tones  of  symphony  music,  were  a  fall  in 
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systolic,  diastolic,  and  pulse  pressure,  and  increase  in  the  pulse  rate, 
and  also  an  increase  in  the  E.  M.  F.,  or  action  current.  The  results 
were  probably  due  to  a  reflex  inhibitory  action  on  the  vagus  nerve. 

Second.  Toreador's  stirring  song  produced  an  increase  in  the  sys- 
tolic and  pulse  pressure,  but  a  decrease  in  the  diastolic  pressure.  The 
pulse  was  accelerated  and  the  E.  M.  F.  of  the  ventricular  contraction 
was  lessened.  It  may  be,  that  this  kind  of  music  reflexly  stimulates 
the  accelerator  or  inhibits  the  vagus. 

Third.  The  effect  of  Sousa's  rhythmical  march  was  increased  sys- 
tolic and  pulse  pressure,  a  decrease  in  the  pulse  rate  but  an  increase 
in  the  action  current.  The  effect  seems  to  be  due  to  vagus  stimu- 
lation, and  it  is  possible  that  this  as  well  as  other  kinds  of  music  may 
have  A  physiological  influence  on  the  system  in  other  respects,  and 
that  by  a  careful  selection  of  music  from  a  definite  source,  prove  an 
aid  in  the  treatment  of  nervous  disturbances. 

A  simple  method  for  the  resuscitation  of  the  human  heart.    Abthur  D. 

HiRSCHPELDER. 

Observation  of  exposed  dogs'  and  cats'  hearts  shows  that  death 
ensues  in  these  ways — either  the  ventricles  go  into  fibrillation,  or  they 
cease  to  contract  and  at  once  lose  their  irritability  entirely,  or  they 
may  cease  to  contract  and  yet  for  some  time  retain  their  ability  to 
carry  out  a  forcible  contraction  inresponse  to  mechanical  stimulation. 
Such  a  stimulation  may  be  furnished  by  directly  slapping  the  ven- 
'tricles  with  a  blunt  instnunent  or  by  suddenly  pressing  the  ribs  and 
chest  wall  down  upon  the  heart.  If  this  is  done  rhythrpically  at  a 
rate  of  thirty  to  sixty  times  a  minute  the  heart  may  respond  to  each 
stimulus,  the  circulation  may  be  recstabUshed,  and  spontaneous 
cardiac  rhythm  may  then  be  resumed.  The  writer  carried  out  this 
procedure  successfully  in  one  case  of  stoppage  of  the  ventricles  in  a 
patient  with  Adam-Stokes'  syndrome  in  which  the  stoppage  of  the 
ventricles  was  unusually  prolonged.  The  convulsion  and  respiration 
bad  entirely  ceased  and  the  patient  seemed  beyond  hope  of  recovery. 
The  ribs  and  chest  wall  were  then  seized  between  the  two  hands,  the 
right  hand  at  the  back,  the  left  hand  over  the  precordium,  and  the 
chest  was  forcibly  compressed  between  them  at  a  rate  of  thirty  to 
forty  times  a  minute,  thus  pressing  ribs  and  chest  wall  suddenly 
down  upon  the  ventricle.  The  heart  responded  at  once  to  each  stimu- 
lus with  a  contraction,  circulation  was  rapidly  resumed,  the  patient 
recovered  and  was  living  two  years  afterward.  This  manoeuver  has 
been  repeated  as  a  routine  upon  the  hearts  of  dogs  and  cats  used  in  the 
laboratory  experiments  in  which  the  hearts  had  been  exposed  by  re- 
moval of  part  of  the  cheat  wall,  and  where  the  results  could  be 
watched  with  the  eye.  It  is  often  successful  in  restoring  the  circu- 
lation. The  rather  shght  stimulus  offered  when  the  chest  wall  is 
pushed  suddenly  down  against  the  heart,  without  in  the  least  sub- 
jecting the  latter  to  compression,  suffices  as  a  mechanical  stimulus  to 
bring  about  contraction.     This  manoeuver  is,  therefore,  a  justifiable 
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procedure  for  the  resuscitation  of  hearts  which  have  stopped  beating 
for  a  minute  or  more,  and  which  are  apparently  beyond  hope  of  the 
ordinary  forms  of  stimulation.  It  is  simpler  and  more  readily  applied 
than  massage  across  the  diaphragm  or  electric  stimulation  after  the 
,   introduction  of  a  needle  into  the  heart. 

Regulation  of  venous  blood  pressure.     D.  R.  Hooker. 

The  experiments  were  performed  on  dogs  and  deal  especially  with 
the  reflex  control  of  venous  tone.  The  sigmotdal  region  of  the  large 
intestine  was  isolated  as  to  its  blood  supply,  double  mass  ligatures 
above  and  below  the  area  interrupting  collateral  circulation  and  per- 
mitting elevation  of  the  preparation  above  disturbing  influences  of 
neighboring  viscera.  The  vascular  bed  was  washed  free  of  blood  with 
warm  Ringer's  solution  after  which  the  artery  was  left  freely  open. 
It  was  assumed  that  arterial  constriction  would  displace  fluid  back- 
ward rather  than  forwaj-d  into  the  vein  where  the  pressure  was  10  to 
15  cm.  HiO,  The  mesenteric  vein  was  connected  with  awatermanom- 
eter.  A  similar  manometer  was  connected  with  the  lumen  of  the 
isolated  gut  which  had  been  previously  filled  with  warm  Ringer. 

Stimulation  of  the  nerve  trunk  running  from  the  inferior  mesenteric 
ganglion  gave  a  rise  of  pressure  in  the  vein  amounting  to  7,25  era. 
HiO  in  a  number  of  cases.  This  reaction  was  readily  and  repeatedly 
obtained  for  periods  of  an  hour  or  more.  Stimulation  of  the  saphe- 
nous nerve  and  asphyxiation  gave  rises  of  3.5  cm.  and  4.5  cm.  re- 
spectively. The  latter  results  were  much  less  easily  obtained,  failing 
long  before  the  peripheral  mechanism  was  exhausted.  Section  of  the 
peripheral  nerve  or  destruction  of  the  medulla  destroyed  the  reflex. 
These  venous  pressure  changes  were  independent  of  pressure  changes 
in  the  lumen  of  the  gut. 

The  evidence  points  to  the  existence  of  a  central  as  well  as  a  pe- 
ripheral veno-pressor  mechanism.  The  possible  relationship  of  the 
mechanism  to  "shock"  has  not  as  yet  been  studied  but  the  fact  that 
the  central  mechanism  loses  function  so  easily  suggests  that  it  may  be 
one  of  the  early  events  contributing  to  the  stasis  of  blood  which  ia 
rcgarde<l  as  a  cardinal  symptom  in  the  "shock"  complex. 

Blood  pressure  in  sharkit  and  the  shock  problem.     E.  P.  Lyon. 

Blood  pressure  in  sharks  was  studied  on  account  of  the  peculiar 
circulatory  arrangements.  The  blood  pressure  is  about  35  to  40  mm, 
in  the  branchial  arteries  and  20  to  25  mm.  in  the  systemic  arteries. 
Under  experimental  conditions  there  is  a  slow  fall  of  pressure  through 
a  long  time,  with  corresponding  gradual  loss  of  reflexes  and  other  activ- 
ities. The  equilibrium  functions  seem  to*  be  the  first  to  disappear  and 
the  heart  reflexes  last,  respiration  being  usually  lost  before  the  heart 
reflexes. 

Many  mechanisms  which  are  eflcctive  in  producing  shock  in  dogs 
have  little  or  no  effect  on  sharks.  These  fish  are  remarkable  in  that 
stimulation  of  almost  any  part  of  the  body  causes  inhibition  of  the 
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heart.  There  is  an  intimate  relation  between  the  respiratory  and 
heart  rates,  a  1-1  rhythm  being  common,  while  at  other  times  a  2-1, 
3-1  or  indefinite  relation  subsists.  Artificial  respiration  (by  a  stream 
of  water  led  into  the  mouth),  produces  variations  of  heart  and  re- 
spiratory movements.  In  a  considerable  number  of  animals  change  , 
from  light  to  dark  lowers  the  blood  pressure. 

Observations  in  shock.    C.  C.  Guthrie. 

Dogs  under  ether  anaesthesia  were  reduced  to  a  state  of  shock 
chiefly  by  nerve  stimulation  alone,  and  combined  with  partial  cerebri^ 
anaemia.  Typically,  the  condition  was  associated  with  low  blood 
pressure,  decrease  of  respiratory  movements,  presence  of  eye  reflex 
and  absence  of  pronounced  tendency  to  recover  on  discontinuing 
anaesthetic.  Marked  difFerences  in  resistance  occurred  in  different 
animals  as  well  as  marked  differences  in  the  quantitative  relations 
of  the  symptoms  and  in  reflex  functional  response  in  shock.  Also, 
marked  quantitative  variations  occurred  in  chemical  studies,  such  as 
the  amount  of  oxygen  retained  and  the  amount  of  COi  eUminated  by 
the  lungs,  the  hydrogen  ion  concentration  of  the  blood,  and  blood 
plasmabicarbonate. 

Among  the  direct  negative  findings,  as  primarily  causative  of  shock, 
were  blood  pressure;  blood  reaction,  including  reserve  alkalinity 
concentration  of  chemical  constituents  or  morphological  elements,  and 
viscosity  of. blood;  blood  volume;  pooling  of  blood  in  vessels  of  ^- 
mentary  canal  and  Uver;  temperature;  cardiac  weakness  and  cere- 
bral embolism. 

The  amount  of  oxygen  retained  and  CO]  eliminated  by  the  lungs 
was  less  in  pronounced  shock,  but  there  is  no  reason  for  assigning  to 
these  conditions  a  causal  relation  to  shock. 

That  acidosis  was  not  a  primary  causative  factor  was  shown  by 
failure  to  produce  shock  by  primary  acidosis,  as  by  injections  of  lactic 
acid;  recovery  from  fatal  lactic  acid  intoxication  by  injection  of 
sodium  bicarbonate,  and  absence  of  recovery  from  shock  by  such  in- 
jection; and  production  of  shock  with  alkaline  reserve  maintained 
by  sodium  bicarbonate  injection. 

Among  phenomena  observed  possibly  having  causal  relations  to 
shock,  were  alterations  in  nervous  activities,  particularly  fatigue  of 
bulbar  centers.  Though  presenting  marked  variations,  results  ob- 
tained in  pronounced  shock  showed  that  both  reflex  vasomotor  and 
respiratory  response  may  be  profoundly  decreased.  Interpretation 
of  some  of  the  reflex  v^omotor  phenomena  is  difficult. 

Evidences  point  to  decreased  arterial  and  increased  venous  blood 
volume  in  shock,  and  derangement  of  the  veno-motor  mechanism 
may  have  an  important  causal  relation  to  the  condition. 

Shock  and  its  control.     W.  B.  Cannon. 

The  observations  were  made  at  a  casualty  clearing  station  in  France 
a  few  miles  back  from  the  front-line  trenches.  The  main  points  may 
be  summarized  as  follows: 
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1.  There  ie  a  discrepancy  between  the  red  counts,  haemoglobin  and 
haematocnt  readings  of  venous  and  capillary  blood  in  shock  cases, 
indicating  a  concentration  of  blood  in  capillaries.  It  seems  probable 
that  the  "lost  blood"  of  shock  is  in  capillary  areas. 

2.  The  shock  cases  when  received  at  the  clearing  station,  have  a 
diminished  alkali  reserve  (an  acidosis,  in  the  Van  Slyke  sense). 

3.  A  rough  correspondence  exists  between  the  degree  of  acidosis 
and  the  degree  of  depression  of  the  blood  pressure. 

4.  Surgical  operation  in  any  case  lowers  the  alkali  reserve,  and  in 
these  shock  cases,  with  an  acidosis  already  existent,  operation  may  in 
a  short  time  reduce  the  reserve  to  a  serious  degree. 

5.  In  shock  cases,  surgical  operation  not  only  causes  a  sharp  fall 
in  an  already  low  alkali  reserve,  but  also  a  sharp  fall  in  an  already  low 
arterial  pressure.  Thus  two  conditions  unfavorable  to  recovery  are 
made  worse  by  the  necessary  operation. 

6.  By  injection  of  sodium  bicarbonate  intravenously  at  the  start  of 
operation  both  of  the  unfavorable  effects  of  operation  are  obviated — 
the  pressure  is  higher  at  the  end  than  at  the  start,  and  the  alkali 
deficiency  is  abolished. 

Observations  on  the  volume  flow  of  blood  through  the  srJtmaxillary  gland. 

Robert  Gesell. 

The  volume  flow  of  blood  through  the  submaxillary  gland  was 
studied  under  normal  conditions,  and  under  conditions  of  lowered 
blood  pressure  induced — (1)  by  hemorrhage,  and  (2)  by  tissue  abuae. 

Under  normal  conditions  with  a  constant  blood  pressure,  the  basal 
Sow  of  blood  remained  constant  during  periods  of  glandular  rest. 

On  increased  glandular  activity,  eUcited  by  chorda  stimulation, 
there  was  increased  volume  flow  of  blood  which  bore  a  linear  relation 
to  this  increased  activity. 

Lowering  of  the  blood  pressure  by  hemorrhage  reduced  the  ratio  of 
secretory  blood  flow  to  secretion,  and  also  reduced  the  basal  volume 
flow  of  blood. 

The  initial  fall  in  basal  flow  of  blood  was  very  much  more  rapid 
than  the  accompanying  fall  in  blood  pressure.  This  initial  fall  gave 
way  to  a  fall  in  volume  flow  much  slower  than  the  accompanying  fall 
in  blood  pressure.  At  a  pressure  of  about  50  to  40  mm.  Hg.,  the  fall 
in  basal  flow  of  blood  again  became  decidedly  faster  than  the  fall 
in  blood  pressure. 

Lowering  of  the  blood  pressure  by  tissue  abuse  likewise  lowered  the 
ratio  of  secretory  blood  flow  to  secretion.  In  one  experiment  the 
secretion  of  one  drop  of  saliva,  at  a  blood  pressure  of  124  mm.  Hg., 
called  forth  13.9  extra  drops  of  volume  flow  of  blood  through  the 
gland.  At  a  pressure  of  37  mm.  Hg.  no  extra  flow  of  blood  occurred. 
The  basal  volume  flow  of  blood  likewise  fell;  but  more  rapidly  with 
the  initial  decrease  in  blood  pressure  than  in  the  case  of  lowered  pres- 
sure from  hemorrhage.  In  one  instance,  the  basal  flow  of  blood  at  a 
pressure  of  84  mm.  Hg.  was  only  16  per  cent  of  that  obtaining  at  a 
pressure  of  124  mm.  Hg. 
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The  curves  of  basal  flow  of  blood  were  explained  on  the  basis  of  the 
variations  of  three  factors — viscosity  of  the  blood,  driving  pressure, 
and  caliber  of  the  vessels.- 

The  differences  in  the  curves  of  basal  flow  obtained  in  the  two  types 
of  experiments  can  probably  be  largely  explained  by  the  direction  of 
change  in  viscosity  of  the  blood. 

In  the  ease  of  hemorrhage,  there  is  a  decreased  viscosity  counter- 
acting the  effects  of  the  accompanying  fall  in  blood  pressure;  while 
with  tissue  abuse,  there  is  an  increased  viscosity'  augmenting  the 
effects  of  decreasing  blood  pressure. 

The  experiments  show  the  unfavorable  conditions  produced  by 
lowered  blood  pressure  for  the  maintenance  of  normal  conditions, 
especially  if  any  tissue  is  called  upon  for  increased  activity. 

They  show  the  gravity  of  even  a  small  fall  in  blood  pressure,  for  it  is 
the  initial  fall  in  pressure  which  produces  the  greatest  decrease  in 
basal  volume  flow  of  blood. 

Some  reactions  in  the  development  of  shock  by  diverse  methods.    Joseph 

Erlanger,  Robert  Gesell,  H.  S.  Gasser  and  B.  L.  Elliott. 

Shock  supervenes  in  consequence  of  extensive  tissue  damage,  not 
necessarily  traumatic  in  origin.  It  appears  after  partial  occlusion  of 
the  inferior  vena  cava,  and  of  the  descending  aorta;  after  plugging  the 
portal  capillaries  with  lycopodium;  and  after  large  doses  of  1-1000 
adrenalin;  in  other  words,  after  interfering  for  some  time  with  the 
blood  supply  to  a  part,  or  the  whole,  of  the  body.  At  autopsy  there 
are  haemorrhages  into  many  of  the  abdominal  organs.  The.  picture 
is  similar  when  shock  is  produced  by  exposure  of  the  intestines;  and 
in  addition  a  considerable  quantity  of  plasma  transudes  from  the 
serous  surface.  That  there  is  a  similar  plasma  transudation,  but  into 
the  tissues,  during  the  development  of  the  other  forms  of  shock,  is 
indicated  by  the  fact  that  in  all  there  occurs  a  diminution  in  plasma 
volume;  and  in  addition  there  is  often  a  reduction  in  the  volume  of  the 
blood  as  a  whole. 

The  reaction  of  the  vasoconstrictor  center,  foll«wed  by  a  modifica- 
tion of  Bartlett's  inflow  method,  depends  largely  upon  the  effect  of 
the  procedure  by  which  shock  is  produced  upon  the  cerebral  circula- 
tion. The  tone  of  the  center  at  first  is  inversely  as  the  cerebral 
arterial  pressure,  but  long  continued  low  pressure  always  leads 
eventually  to  loss  in  tone.  It  is  possible  to  have  shock  with  normal 
vasoconstriction. 

The  force  of  the  heart  beat  seems  to  diminish  somewhat  as  shock 
develops,  but  presumably  only  secondarily.  Furthermore,  late  in 
shock,  lowering  the  arterial  pressure  may  paralyze  the  respiratory 
center  without  preliminary  stimulation.  The  alkaline  reserve  declines 
as  shock  develops.  The  decline  though  may  be  extreme  or  not  below 
the  normal  range.    * 

■  Gasser,  Meek  and  Erianger:  Proceedinga  in  this  Joiiniul. 
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The  mechanism  of  shock,  we  conclude,  ia  as  follows:  Extensive 
traumatization  causes  extensive  local  transudation  of  plasma,  which, 
together  with  the  primary  haemorrhage,  materially  reduces  the  blood 
volume,  and  thus  leads  to  general  vasoconstriction  which  is  enhanced 
reflexly  by  the  pain.  The  blood  stream  i»thus  slowed  to  the  point  of 
damaging  the  cells,  and  of  starting  generalized  transudation.  The 
arterial  pressure  as  a  result  eventually  becomes  so  low,  that  the  vaso- 
constrictor center  suffers  and  the  arterial  pressure  falls  still  further. 
At  the  same  time,  the  alkaline  reserve  diminishes,  possibly  through 
the  incomplete  oxidation  of  metabolites.  Thus  a  series  of  vicious 
cycles  ia  started,  the  outcome  of  which  is  "Shock."  Sometimes  one, 
sometimes  another  of  these  three  factors  predominate. 

At  the  front,  fatigue  entailed  by  transportation  of  the  wounded, 
contributes  toward  the  ultimate  giving  way  of  the  vasoconstrictor 
center;  it  presumably  works  in  the  same  way  as  does  ether  in  labora- 
tory experiments.  If  there  is  such  a  thing  as  traumatic  shock  in  the 
absence  of  wound  weeping  and  blood  loss,  we  would  suggest  in  explana- 
tion of  it,  that  long  continued  pain  stimulates  the  vasoconstrictor 
center,  and  so  diminishes  the  blood  supply  to  the  tissues  to  the  point 
where  transudation  begins,  thus  starting  the  vicious  cycle  just  de- 
scribed. Naturally  any  other  set  of  conditions  tending  to  hold  the 
arterial  pressure  low  for  some  time,  also  would  estabhsh  the  same 
vicious  cycles. 

A  method  for  the  determination  of  blood  volume.    Waltbb  J.  Meek  and 

Herbert  S.  Gasser. 

A  method  for  the  determination  of  blood  volume  has  been  devised 
which  is  free  from  certain  objections  incident  to  the  older  methods. 
The  genera!  plan  has  been  to  inject  into  the  blood  stream  some  sub- 
stance which  was  inert,  which  disappeared  slowly,  and  which  could 
be  recovered  quantitatively.  A  determination  of  the  dilution  of  this 
substance  in  the  blood  would  then  afford  data  for  the  blood  v  olume 
determination. 

Acacia  has  been  found  to  meet  the  above  requirements,  A  given 
amount  is  added  to  blood  in  vitro  for  a  standard  or  control.  A  given 
amount  ia  then  injected  into  the  animal.  Ten  minutes  later  a  sample 
of  blood  is  drawn  for  determination.  The  amount  of  dilution  indi- 
cates the  blood  volume.  The  acacia  is  determined  as  furfurol- 
phloroglucid,  according  to  the  method  of  Kri>ber. 

The  blood  volume  changes  in  shock  and  the  modification  of  these  by 
acacia.  H.  S.  (iasser,  W.  J.  Meek  and  J.  Hrlanqer. 
The  volume  of  the  blood  was  determined  by  the  acacia  method. 
The  erythrocytes  were,  also  counted  as  an  index  to  the  plasma  changes. 
The  forms  of  shock  studied  were  those  produced  by  exposure  of  the 
intestines,  injection  of  adrenahn,  and  temporary  partial  occlusion  of 
the  vena  cava  or  the  aorta.  The  6ndinga,  in  all  cases  were  essentially 
the  same.     There  was  a  decrease  of   the  plasma  amounting  to  an 
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average  of  22.2  per  cent  of  the  total  blood  volume.  In  the  cases 
where  the  acacia  waa  injected  this  decrease  was  strikingly  leas  being 
on  the  average  only  7.4  per  cent  of  the  normal. 

Loss  of  plasma  accounted  for  all  the  decrease  in  blood  volume  in 
one-third  of  the  cases.  Where  the  decrease  in  blood  volume  (acacia 
determination)  was  somewhat  greater  than  that  calculated  from  the 
red  cell  count  the  difference  could  be  explained  by  haemorrhages  into 
the  tissues.  These  were  a  constant  finding  in  the  intestine,  spleen 
and  other  organs.  In  a  remaining  group  the  blood  volume  decrease 
was  much  greater  than  that  indicated  by  the  red  blood  cell  count. 
This  difference  could  only  be  explained  on  the  assumption  of  regions  of 
stasis. 

The  filtration  of  the  plasma  might  be  due  to  decrease  in  the  col- 
loidal osmotic  pressure  of  the  plasma,  rise  of  arterial  blood  pressure  or 
increase  in  the  permeability  of  the  vessels.  The  first  possibihty  may 
be  at  once  discarded.  The  high  blood  pressure  in  adrenalin  shock 
causes  filtration,  but  the  fluid  returns  when  the  pressure  falls  and 
polycythaemia  only  remains  permanent  when  the  decreased  supply 
to  the  tissues  has  resulted  in  damage.  When  the  cava  is  clamped  the 
venous  pressure  is  high  but  the  arterial  pressure  is  so  low  that  there  is 
little  chance  for  filtration,  other  factors  being  equal.  When  the  aorta 
is  clamped  neither  the  venous  nor  arterial  pressures  are  high  in  the 
posterior  part  of  the  animal,  but  filtration  is  both  a  constant  and 
marked  phenomenon.  One  must  turn  therefore  to  decreased  perme- 
ability of  the  vessels  to  explain  the  phenomena. 

The  acacia  exerts  its  conserving  influence  on  the  plasma  under  con- 
ditions which  are  highly  pathological,  under  conditions  in  which  normal 
plasma  leaves  the  vessels  not  only  withoutariaeofarterial  pressure  but 
even  when  the  pressure  is  low,  Bayliashassuggested  the  use  of  acacia 
in  the  rendering  of  a  solution  isosmotic  to  plasma  to  aid  its  retention  in 
the  vessels  when  injected  intravenously.  In  our  experiments  where 
normal  plasma  leaves  the  vessels  acacia  mi^t  have  a  further  influence. 
In  the  amounts  used  the  colloidal  osmotic  pressure  of  the  plasma 
would  be  increased  about  13.5  per  cent.  This  would  act  in  the 
direction  of  decreasing  filtration  and  increasing  absorption.  Our 
blood  counts,  however,  have  given  us  no  evidence  that  any  appre- 
ciable expansion  of  the  plasma  volume  from  the  tissues  takes  place  in 
one  hour.  The  possibility  that  acacia  acts  as  a  calcium  salt  in  de- 
creasing the  permeability  of  the  vessels  is  worthy  of  consideration. 

The  effects  of  injecting  acacia.     Walter  J.  Meek  and  Herbert  S. 

Gabser. 

In  view  of  the  use  of  acacia  in  perfusion  solutions  a  series  of  experi- 
ments has  been  made  to  determine  its  effects  on  experimental  animals. 
Injections  of  large  amounts  of  20  per  cent  acacia  have  practically  no 
effect  on  blood  pressure  other  than  the  mechanical  one  of  increasing 
the  blood  volume.  The  heart  rate  isnotinfiuencedotherthan  that  due 
to  the  slightly  raised  blood  pressure.     After  hemorrhage  acacia  seems 
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to  maintain  blood  pressure  better  than  aalt  Bolutions.  Respiration 
IB  unaffected.  The  urinary  secretion  after  acacia  can  be  stimulated 
by  sodium  nitrate  apparently  as  well  as  normally.  An  animal  under 
ether  may  have  acacia  injected  until  the  blood  is  a  10  per  cent  solu- 
tion witb  no  symptoms  of  disturbance.  Intact  animals  have  had 
their  blood  made  up  to4  per  cent  acacia  with  no  unfavorable  symptoms. 
Acacia  leaves  the  blood  stream  in  the  early  stages  at  the  rate  not  ex- 
ceeding 10  per  cent  per  hour.  This  rate  soon  slows  and  fairly  large 
amounts  of  acacia  may  be  found  in  the  blood  two  days  later.  A 
pentose  reaction  may  be  obtained  from  the  urine  an  hour  after  the 
injection  of  acacia. 

Diet  experimenta  bearing  on  carbohydrate  luxus-consumption  and  waste- 
ful eating.    Addison  Gulics. 

The  purpose  of  the  tests  was  to  determine  whether  excessive  con- 
sumption of  carbohydrate  by  a  person  of  the  characteristically  lean 
physical  type  did  not  stimulate  the  organism  to  oxidize  away  a  large 
part  of  the  excess  supply  of  fuel. 

These  experiments  covered  one  and  three-fourths  years  of  more  or 
less  controlled  eating  with  330  days  on  strictly  measured  experimental 
diet.  Diet  in  the  strict  periods  was  90  to  675  grams  per  day  of  cereal 
foods  (air  dry)  plus  3  pints  milk,  usually  about  100  grams  egg,  and 
0  to  50  grams  butter. 

At  the  start  and  finish,  minimum  food  requirements  were  determined. 
Between  these  periods  there  was  prolonged  over  feeding  up  to  a  maxi- 
mum of  4100  calories  and  then  a  return  to  low  weight  by  restricting  the 
diet  to  about  1800  calories  for  six  weeks.  Activities  were  held  as  nearly 
uniform  as  possible. 

Conduaiona.  I.  Minimum  food  requirements  were  somewhat  greater 
than  would  be  expected  from  the  activities.  Initial  test:  Slight  weight 
loss  during  four  weeks  on  2750  calories,  body  weight  about  62  kgm., 
sleep  8.2  to  8.5  hours  per  night,  daily  walldngSmilesor  less.  Final  teat: 
Weight  constant  twenty  days  on  3200  calories,  body  weight  61.5  kgm., 
average  sleep  8.3  hours,  daily  walking  4.9  miles,  bicycle  4.7  miles.  - 

2.  Under  non-experimental  conditions,  the  regulating  influence  of  the 
sense  of  appetite  and  of  satiety  is  an  important  factor  in  holding  the 
weight  at  its  rather  constant  level  of  63  to  66  kgm.  For  upon  eatmg 
persistently  more  than  was  relished  {3600-4100  calories),  the  weight  was 
gradually  raised  to  74.7  kgm.  This  conclusion  probably  has  wide 
application,  as  the  man  experimented  upon  was  believed,  at  the  start, 
to  show  the  very  reverse  condition, 

3.  If  there  is  a  luxus  factor  it  is  not  overwhebningly  lai^e.  Metab- 
olism was  high  in  the  periods  of  heavy  feeding,  but  not  high  enough 
to  give  good  proof  of  a  true  luxus  oxidation,  over  and  above  the  specific 
dynamic  effect  of  the  food,  and  the  added  fuel  cost  of  activity  of  an 
organism  enlarged  by  fattening. 

4.  If  a  luxus  oxidation  occurs  at  all,  its  effect  is  ended  within  14  hours 
after  taking  food.    Evidence  is  from  the  moderate  or  almost  low  post- 
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absorptive  basal  gas  metabolism  while  on  a  4000  calory  diet.  Gas 
exchange  =  71.5  calories  per  hour,  =  0,97  calories  per  klloRram,  = 
34.4  calories  per  square  meter.  (Determined  by  courtesy  of  the  Carnegie 
Nutrition  Laboratory  in  a  Benedict  bed  respiration  chamber.) 

5.  From  an  economic  standpoint,  the  increased  fuel  expenditure 
found  in  these  experiments  with  a  high  diet  and  moderate  activities, 
was  a  pure  waste. 

Teats  of  methods  of  control  of  the  cloihes  louse.     Wm.  Moore. 

Sachets  are  not  successful. 

Talc  20  grams,  creosote  1  cc,  sulphur  0.5  gram  is  six  times  as  effective 
a  louse  powder  as  NCI,  causes  less  irritation  to  the  sicin  and  is  dry,  hence 
easier  to  apply. 

Impregnation  of  the  underwear  is  not  possible,  but  a  cheese  cloth 
suit  impregnated  with  a  saturated  solution  of  sulphur  in  creosote  could 
be  successfully  worn  outside  of  the  underwear. 

Chlorpicrin  can  be  used  as  a  fumigant,  penetrating  the  clothing  and 
killing  the  lice  in  all  parts  of  the  clothing  in  fifteen  minutes  and  the  eggs 
in  thirty  minutes.  By  increasing  the  heat  in  the  fumigation  chamber 
the  time  required  to  kill  the  eggs  could  be  reduced. 

The  tension  of  the  blood  gates  in  the  blood  entering  and  leaving  the  lungs. 

R,  G.  Pearce  and  A,  Nicholson. 

We  believe  that  our  data  indicate  that  so  long  as  the  minute  volume 
of  the  circulation  and  the  respiration  increase  directly  with  the  metab- 
olism, the  difference  between  the  tensions  of  the  gases  in  the  blood 
entering  and  leaving  the  lungs  remains  approximately  constant.  How- 
ever, during  acute  exercise  when  the  volume  rate  of  the  circulation  fails 
to  keep  pace  with  the  rate  of  increase  in  the  circulation,  the  difEerence 
between  the  tension  of  the  gases  in  the  blood  entering  and  leaving  the 
lungs  progressively  increases,  and  the  minute  volume  of  the  respiration 
is  increased  out  of  proportion  to  the  degree  of  the  oxygen  intake  or  car- 
bon dioxide  output.  The  progressive  increase  in  the  difference  in  the 
tension  of  the  gases  entering  and  leaving  the  lungs  is  brought  about  by 
the  hyperpnoea  which  reduces  the  tension  of  carbon  dioxide  in  the 
alveolar  air  below  that  normally  present  or  expected,  and  to  the  very 
rapid  and  disproportionate  increase  in  the  tension  of  the  carbon  dioxide 
in  the  blood  entering  the  lungs. 

The  cause  of  the  hyperpnoea  in  acute  violent  exercise  is  questionable. 
The  failure  to  iind  a  diminution  in  the  alkali  reserve  of  the  body  argues 
against  the  accumulation  of  organic  acids  from  incomplete  oxidation, 
and  this  together  with  the  low  tension  of  tHe  carbon  dioxide  in  the  alveo- 
lar air  speaks  against  the  increase  being  due  to  stimulation  of  the  center 
by  increased  acidity  or  carbon  dioxide  hormone.  The  possibihty  of 
oxygen  want  stunulating  the  center  directly,  or  indirectly,  through 
afferent  respiratory  fibers  in  muscle  nerves  is  suggested  by  the  high 
respiratory  quotient  found  at  higher  levels  of  exercise.  An  inadequate 
minute  volume  of  the  blood  flowing  through  the  center  during  exercise 
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because  of  venous  engorgement  due  to  right  heart  insufficiency  might 
explain  the  phenomenon. 

The  methods  employed  for  the  estimation  of  the  tension  of  the  respira- 
tory gases  in  the  blood  entering  and  leaving  the  lungs  at  various  levels 
of  metabolism  afford  a  means  of  judging  the  heart's  reaction  to  and 
capacity  for  acute  work. 

Reftezes  and  clonus  recorded  graphically.     R.  Edwin  Morris  and  L.  G. 

ROWNTREE. 

Hitherto  the  physician  has  been  compelled  to  depend  upon  memory 
pictures  when  recalling  reflexes  and  clonus.  Obviously,  this  is  unsatis- 
factory. It  was  with  the  idea  of  meeting  a  glaring  need  that  an  at- 
tempt has  been  made  to  devise  methods  of  graphiceJly  recording  these 
phenomena.' 

Two  great  problems  are  encountered;  (1)  methods  of  record,  and  (2) 
interpretation  of  records.  ■  Our  efforts  up  to  date  have  centered  on  the 
former.  In  the  beginning  difficulty  was  experienced  in  securing  con- 
sistent records,  but,  after  a  year's  experience,  various  difficulties  having 
been  met  one  after  another,  we  finally  feel  confident  that  consistent 
records  of  reflexes  can  be  obtained.  At  present  we  are  considering  their 
interpretation  and  are  meeting  with  some  degree  of  success.  However, 
as  many  of  the  records  are  relatively  complex  the  question  of  interpre- 
tation will  be  deferred  and  will  be  the  subject  of  further  investigation 
and  of  future  publication. 

The  electrocardiograph  apparatus  of  the  Taylor  Cambridge  type  has 
been  utilized,  additions  bemg  made  to  meet  our  particular  problems. 
The  knee-kick  and  ankle  clonus  have  been  the  special  phenomena  under 
investigation. 

In  securing  records  of  knee-jerks,  the  patient  is  seated  in  a  specially 
devised  chair  upon  an  electrode  molded  to  the  form  of  the  gluteal  region. 
The  chair  is  sufficiently  high  from  the  ground  to  permit  the  feet  to 
swing  free.  Mechanical  leg  attachments,  in  the  form  of  laterally  adjust- 
able swing  boards,  are  hinged  to  the  front  edge  of  the  chair.  'These  are 
adjusted  to  the  patient's  legs  and  secured  to  them  by  means  of  straps. 
Electrodes  are  attached,  but  only  one  at  a  time  is  connected  with  the 
siring  galvanometer.  Preliminary  study  is  made  and  the  point  yielding 
maximum  resistance  is  marked.  This  constitutes  the  invariable  point 
of  contact  in  eliciting  the  reflexes.  An  insulated  contact,  and  a  small 
wire  net  attached  by  adjustable  supports  to  the  swing  board,  are  placed 
over  the  area  already  marked.  The  hammer  which  produces  an  electric 
contact  resulting  in  a  flint;  in  the  signal  magnet,  is  adjusted  to  the  hori- 
zontal bar  so  that  it  strikes  directly  in  the  desired  spot  on  either  leg. 
Along  the  handle  of  the  hammer  there  are  five  holes.  The  hanuuer  is 
usuafly  secured  on  the  horizontal  bar  through  hole  (1),  thereby  fur- 

>  The  credit  for  the  mechanical  devices  utilised  is  due  to  Doctor  Morria.  After 
writing  up  our  work— our  attontioD  waa  called  to  the  work  of  BornBtein  and  Saen- 
ger  (Deutsche  Zt.  f.  Nervenheilkunde,  1914,  Bd.  52),  who  also  utilUed  the  eleo-' 
trocardiograpb  in  this  connection. 
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nishing  the  lightest  stroke  possible  with  this  apparatus.  The  second 
lighter  horizontal  set-bar  is  so  placed  that  the  hammer  may  be  dropped 
from  any  desired  angle.  Ordinarily,  however,  90  degrees  is  the  one 
advised.  In  the  other  edge  of  the  swing  board  are  inserted  three  eye- 
lete,  to  one  of  which  is  attached  a  hook  which  is  secured  to  an  inelastic 
■cord  which  runs  over  an  adjustable  frictionless  pulley  to  a  hanging 
indicator  suspended  in  front  of  the  aperture  in  front  of  the  lens  of  the 
■electrocardiograph.  The  indicator  produces  a  shadow  parallel  to  that 
of  the  string  galvanometer.  Holding  the  indicator  in  position  on  the 
other  side  is  a  coiled  steel  spring,  the  tension  of  which  is  adjustable. 
So  long  as  the  indicator  remains  in  a  vertical  position  the  tension  on  the 
string  leading  to  the  swing  board  is  constant.  A  time-marker  indicat- 
ing one-tenth  of  a  second  has  been  used  in  most  of  the  work. 

In  these  records  the  upper  tracing  represents  the  time-marker,  one 
tenth  of  a  second  being  indicated.  The  second  record  represents  the 
electrical  response,  the  picture  resulting  from  the  shadow  of  the  galvan- 
ometer string.  The  third  record  represents  the  mechanical  response  as 
pictured  by  the  movement  of  the  indicator;  and  the  fourth  depicts  the 
mstant  of  contact.  In  many  of  the  records  the  deflection  resulting  from 
the  introduction  of  a  milhvolt  is  shown  just  prior  to  the  reflex.  This 
indicates  the  tension  of  the  string. 

The  cerebral  center  of  mastication.     F.  R.  Miller. 

Ferrier,  Mann  and  others  observed  that  typical  movements  of  masti- 
cation could  be  evoked  in  the  rabbit  by  stimulation  of  the  cerebral  cor- 
lex  a  slight  distance  in  front  of  the  Sylvian  fissure.  The  present  re- 
search was  undertaken  with  the  idea  of  analysing  more  completely  the 
cerebral  mechanisms  concerned  in  these  movements. 

By  the  procedure  of  dividing  the  lower  jaw  at  the  symphysis  it  was 
determined  that  stimulation  of  the  cortical  area  of  one  side  causes  syn- 
chronous chewing  movements  executed  by  both  halves  of  the  jaw.  It 
was  also  found  possible  to  elicit  similar  bilateral  chewing  movements 
from  the  subcortical  tracts  as  far  back,  approximately,  as  the  commence- 
ment of  the  cms  cerebri.  Farther  back  than  this  only  continuous  jaw 
closure  was  obtained;  this  appeared  to  be  mainly  ipsilateral. 

An  endeavor  was  made  to  localise  the  subcortical  centre  of  mastica- 
tion. R^tbi  considered  it  to  be  within  or  below  the  thalamus  and  above 
the  crus,  A  transverse  section  was  made  across  both  cerebral  hemi- 
spheres at  a  distance  of  16  to  17  mm.  behind  the  anterior  zygomatic 
angle.  Stimulation  of  the  appropriate  point  on  the  cross-section  of  each 
hemisphere  yielded  chewing  and  swallowing.  A  slice  a  few  millimeters 
in  thickness  was  next  removed  from  the  left  hemisphere.  Stimulation 
applied  to  the  left  section  evoked  now  usually  only  continuous  contrac- 
tion of  the  jaw  muscles  apparently  chiefly  ipsilateral.  Stimulation 
of  the  original  point  in  the  right  section  still  elicited  chewing  and 
swallowing. 

It  is  evident,  therefore,  that  the  masticatory  centre  is  situated  between 
the  section  of  the  right  hemisphere,  which  passes  through  the  corpora 
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tnammillaria  and  the  habenular  nuclei,  and  the  level  of  the  section  of  the 
left  hemisphere,  which,  in  a  number  of  experiments,  passes  through  the 
'  medial  geniculate  bodies  and  the  posterior  commissure. 

Tlie  point  yielding  mastication  was  localised  on  the  more  anterior 
cross-section  by  unipolar  stimulation  and  was  found  to  correspond  with 
the  medial  portion  of  the  pes  pedunculi. 

The  reUUion  of  leaiona  of  the  optic  thalamus  of  the  pigeon  to  '  ody  tempera- 
ture, nyatoffmus  and  spinal  reflexes.  Fred  T.  Rogers. 
As  was  long  ago  recognized  by  many  early  workers  on  the  brain  of  the 
pigeon,  the  effects  of  decerebration  vary  according  to  whether  or  not 
the  thalamus  is  also  injured.  Lesions  of  the  thalamus  are  followed  by  a 
long  continued  flattening  of  the  feathers  against  the  body  (Bechterew). 
Decerebration  without  thalamic  lesion  does  not  cause  this  change  in  the 
position  of  the  feathers.  Intra-peritoneal  injection  of  pilocarpine  in 
normal  and  in  decerebrate  pigeons  causes  a  similar  flattening  of  the 
feathers.  The  t>ody  temperature  of  decerebrate  pigeons  with  thalamic 
lesions  varies  with  the  temperature  of  the  cage.  The  temperature  of 
decerebrate  pigeons  without  thalamic  lesions  remains  normal,  but 
injection  of  pilocarpine  in  these  birds  is  followed  by  changes  in  body 
temperature  varying  according  to  the  temperature  of  the  environment. 
Injection  of  pilocarpine  sufficient  to  flatten  the  feathers  of  a  normal 
pigeon  produces  very  sUght  temperature  changes  {1  to  2''C.). 

In  decerebrate  pigeons  with  lesions  of  the  thalamus,  the  behavior 
varies  with  the  body  temperature.  Depression  of  body  temperature  to 
25°  to  30°  C.  is  followed  by  diminished  reflex  response  to  irritating 
vapors  to  the  nostrils:  to  the  puckering  reflexes  of  the  cloaca,  and  to 
the  stimuli  of  hunger. 

Complete  decerebration  leaving  the  thalamus  intact  does  not  lead  to 
the  disappearance  of  the  nystagmus  of  head  and  eyes  (Ewald).  If  the 
thalamus  also  be  removed,  whether  or  not  the  nystagmus  disappears 
depends  on  the  body  temperature.  If  the  temperature  be  lowered  to 
about  30°C.  the  quick  component  disappears  and  the  deviation  (on 
rotation)  persists.  If  lowered  to  25''C.  the  deviation  also  disappears. 
If  body  temperature  be  brought  back  to  39°C.  both  deviation  and  quick 
component  reappear.  Involvement  of  the  oculomotor  nuclei  causes 
disappearance  of  the  eye  nystagmus.  In  lowering  the  body  tempera- 
ture the  head  nystagmus  persists  aiter  the  eye  nystagmus  has  ceased. 

On  the  stimulalion  of  the  vagogaatric  medullary  centers  by  drugs.    Fbbd 

T.  Rogers. 

In  the  turtle  with  the  spinal  cord  sectioned  at  the  level  of  the  third 
cervical  vertebra  but  the  cu-culation  through  the  head  intact  and  the 
vagi  normal,  the  injection  of  0.5  cc.  to  1  cc.  of  a  1:1000  solution  of 
picrotoxin  in  Ringer's  solution  into  the  carotid  artery  leads  to  a  powerful 
tetanic  contraction  of  the  stomach.  This  effect  does  not  follow  the  in- 
jection if  both  vagi  have  previously  been  sectioned.  Electric  stimu- 
lation of  the  floor  of  the  fourth  ventricle  causes  a  similar  contraction. 
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This  contraction  is  followed  by  a  prolonged  refractory  stage  of  the  gas- 
tric musculature  to  vagus  stimulation. 

In  the  dog,  with  splanchnic  nerves  previously  sectioned,  the  injection 
of  apomorphinc  in  doses  too  small  to  cause  vomiting  leads  to  a  marked 
diminution  in  the  tonus  of  the  stomach  and  to  a  cessation  of  peristalsis, 
so  far  as  can  be  determined  by  the  balloon  method  of  recording  gastric 
contractions.  Vomiting  caused  by  apomorphine  is  not  preceded  by  any 
gastric  contractions  so  far  as  this  method  will  indicate.  Picrotoxin 
caused  the  same  changes  in  the  gastric  contractions  as  did  apomorphine. 

Comparison  of  the  rhyOim  of  the  respiratory  center  and  trapped  wave  in 

cassiopea.     J.  F.  McClendon. 

Mayer  has  shown  that  if  a  nerve  impulse  is  started  in  a  ring  of  nerve 
tissue  of  the  jelly  fish,  cassiopea,  it  will  pass  round  this  ring  at  a  uniform 
rate  and  can  be  tapped  off  at  one  point  as  a  rhythmical  impulse.  The 
nerve  tissue  in  the  ring  is  in  the  form  of  a  network  with  numerous 
synapses.  I  have  shown  that  the  rate  of  the  nerve  impulse  per  centi- 
meter is  not  affected  by  stretching  the  ring  and,  therefore,  the  number  of 
tmpukes  per  second  that  may  be  tapped  off  at  one  point  in  the  ring  may 
be  varied  by  stretching  the  ring.  The  rate  of  the  nerve  impulse  is 
affected,  however,  by  additional  stimuli  applied  to  the  ring  or  to  nerve 
fibers  coming  into  the  ring.  These  additional  stimuli  retard  the  rate  of 
the  nerve  impulse. 

If  we  imagine  the  ring  to  be  the  respiratory  center  and  that  nerves 
are  stimulated  by  the  distention  of  the  lungs  and  cariy  stimuli  to  the  ring 
thus  slowing  the  rate  in  the  ring,  the  rate  of  breathing  will  be  retarded! 
In  this  way  we  may  make  a  model  of  the  respiratory  cenier  out  of  very 
simple  nerve  tissue.  Since  the  rate  of  the  nerve  impulse  in  the  ring 
can  l>o  changed  by  altering  several  factors  the  rate  of  respiration  would 
de|H>nd  also  on  these. 

Swne  points  in  the  nervous  reguiation  of  respiration  in  ike  cat.     C.  C. 

(;.*.i'LT  and  F.  H.  Scorr. 

In  these  experiments  respiration  was  recorded  by  recording  the  move- 
mcnl  of  the  diaphragm  by  means  of  a  spoon  inserted  between  the  liver 
Hud  diaphragm  (Rosenthal's  method).  Section  of  the  vagi  leads  to  the 
oniinary  effects  observed  in  other  animals  (prolonged  inspiration  and 
dlow  n-wpiration).  If  in  such  an  animal  tlie  cord  be  divided  in  the  lower 
cervical  rt-gion  this  type  of  respiration  disappears  and  is  replaced  by  one 
ill  which  the  ratio  of  expiration  to  inspiration  is  practically  normal, 
Htlhough  expiration  and  inspiration  are  prolonged.  In  a  normal 
Muiuutl  section  of  the  cord  leaving  the  vagi  intact  produces  a  respiration 
ttilh  i>i-oluugtHl  expiratory  phase.  This  same  type  of  respiration  is  pro- 
dutvil  by  M'ction  of  the  posterior  roots  of  the  thoracic  nerves.  It  is 
t'vidt'iit  that  the  impulses  which  come  from  the  muscles  and  joints  of  the 
thiiiucic  wall  proiluce  an  opposite  effect  on  the  respiratory  center  from 
(htvie  coining  from  the  lungs. 
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The  effect  of  al  eraiions  of  blood  pressue  on  the  blood  of  the  rabbit.     F.  H, 

Scott. 

LamsoD  reported  that  adrenalin  did  not  produce  a  polycythemia  id 
rabbits  while  it  did  in  other  animals.  I  find  rabbita  respond  like  other 
animals  to  alterations  of  blood  pressure.  A  rise  of  pre^ure  in  the  rabbit 
leads  to  an  increase  in  the  haemoglobin  content  of  the  blood  and  a  de- 
crease of  pressure  to  a  decrease  of  the  haemoglobin  cont«nt.  Rabbits 
are  extremely  sensitive  to  the  effects  of  small  haemorrhage.  The  loss  of 
a  few  cc.  of  blood  is  followed  by  a  dilution  of  the  blood.  However,  I 
believe  Lamson's  results  are  due  to  waiting  till  the  blood  pressure  had 
returned  to  normal  or  sub-normal  or  to  not  getting  an  alteration  in 
blood  pressure. 

Location  of  adrenalin  vasodilator  mechanisms.     Frank  A.  Hartuan. 

Destruction  of  the  brain  does  not  interfere  with  the  adrenalin  vaso-. 
dilator  mechanism  for  the  intestine;  Pithing  of  the  cord  in  the  thoracic 
region  often  decreased  the  amount  of  intestinal  dilatation  from  adrenalin. 
However  pithing  of  the  whole  cord  did  not  completely  destroy  this  re- 
action of  the  intestine. 

Loops  of  intestine  perfused  with  Ringer's  solution,  but  with  intact 
nervous  connections,  dilated  when  adrenalin  was  injected  into  the  exter- 
nal jugular,  even  though  all  splanchnic  fibres  were  cut.  Occasionally 
the  dilatation  was  preceded  by  slight  constriction.  It  seems  from  this 
that  adrenalin  produces  dilatation  of  the  intestine  by  stimulation  of  the 
sympathetic  gangha  supplying  them. 

The  adrenaUn  vasodilator  mechanism  for  the  hind  limb  must  be  below 
the  thoracic  cord  because  destruction  of  the  whole  central  nervous  sys- 
tem that  far  down  does  not  prevent  its  action. 

Adrenalin  vasodiUitor  mechanisms  in  the  cat  at  different  ages.    Frank  A. 

Hartman. 

Adrenalin  fails  to  produce  a  fall  in  blood  pressure  in  kittens  less  than 
about  eleven  weeks  old.  The  depressor  effect  at  this  age  is  small  and 
may  be  incoi|stant.  In  fact,  the  increasing  of  the  depressor  effects  from 
the  slight  fall  succeeding  a  rise  in  younger  animals  to  a  marked  almost 
pure  fall  in  adults  indicates  a  gradual  development  of  the  adrenaUn  vaso- 
dilator mechanism.  This  fall  in  blood  pressure  seems  to  be  due  to 
vasodilatation  in  skeletal  muscle,  for  the  two  begin  to  appear  simul- 
taneously. 

In  three  kittens  from  nine  to  eleven  weeks  of  age  both  limb  and  intes- 
tinal adrenalin  vasodilator  mechanisms  were  sought.  All  three  gave 
active  limb  dilatation,  but  no  intestinal  dilatation.  It  seems  therefore 
that  the  mechanism  for  the  intestine  develops  later.  This  supporta  the 
view  that  the  two  mechanisms  are  of  different  types. 

VasodUator  nerves  of  the  skin.     H.  Richardson  and  0.  Wyatt. 

Bayliss  showed  that  stimulation  of  the  posterior  roots  leads  to  a  vaso- 
dilation of  the  vessels  of  the  part.    The  work  of  Bruce  rendered  it  very 
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probable  that  this  was  a  case  of  axone  reflex.  Bruce  used  the  inflamma- 
tory process  as  the  basis  for  his  work.  We  have  followed  the  changes 
using  a  plethysmograph.  If  the  paw  of  an  animal  be  placed  in  a  ple- 
thysmograph  a  vasodilation  (increase  volume  of  the  leg)  may  be  ob- 
tained by  slow  rhythmic  stimulation  of  the  peripheral  ends  of  the  cut 
cutaneous  nerves  outside  the  plethysmograph  or  by  the  same  stimulus 
applied  to  the  skin  inside  the  plethysmograph.  If  cocaine  be  applied 
to  the  skin  it  is  still  possible  to  get  a  vasodilation  from  the  nerve  but 
none  when  the  stimulus  is  applied  to  the  skin. 

A   note  on  Ike  mechanism  of  heart  muscle  contraction.  Montrose  T. 


In  this  paper  two  facts  were  emphasized,  the  first  is  that  tissue  cells 
within  a  tissue  culture  cannot  subsist  upon  the  food  material  found  with- 
in a  medium  of  blood  plasma.  They  grow  also  in  a  mediimn  of  salt  solu- 
tion. The  cells  that  grow  in  a  tissue  culture  are  those  at  the  periphery 
of  the  fragment.  They  obtain  their  nutriment  from  the  cells  that  dis- 
integrate in  the  center  of  the  tissue  fragment.  The  material  use  for  food 
diffuses  out  over  the  surface  of  the  medium.  It  is  colloidal  in  nature 
and  insoluble  in  the  medium. 

The  second  fact  is  that  foeta)  heart  muscle  cells  are  essentially  fluid  in 
nature.  The  peculiar  mechanical  organizations  essential  for  growth, 
migratory  movement,  rhythmical  contraction  or  other  forms  of  activity 
are  differential  surface  tension  phenomena  established  and  controlled  by 
the  organization  of  the  environment.  By  changing  the  mechanical 
organization  of  the  environment  one  may  change  a  contracting  heart 
muscle  cell  to  one  which  grows  and  divides  by  mitosis  and  is  indistin- 
guishable from  a  sarcoma  cell.  The  growing  and  dividing  cells  are 
those  cells  which  lie  at  the  interval  between  the  substances  diffusing 
from  the  fragment  over  the  surface  of  the  medium  and  the  medium  itself. 
The  contracting  cells  are  elongated,  cyhndrical-shaped  cells  stretched 
through  the  hquid  medium  between  a  surface  similar  to  that  suitable 
for  growth  and  the  ends  of  tense  bands  of  fibrin.  The  end  of  the  cell  in 
contact  with  the  tense  bands  of  fibrin  is  in  metabohc  equilibrium. 
Heart  muscle  cells  completely  embedded  in  a  mass  of  fibrin  show  no 
metabolic  activity  in  the  presence  of  food  and  oxygen.  They  have  been 
kept  in  this  position  in  the  incubator  for  six  months  without  disinte- 
grating. They  grow  again  when  removed  to  a  suitable  environment. 
The  other  end  of  the  contracting  cell  is  in  contact  with  a  surface  similar 
to  that  upon  which  cells  grow.  The  curve  of  growth  of  heart  muscle 
cells  has  been  studied  and  it  has  been  found  to  follow  the  law  of  mass 
action  and  the  cells  come  to  an  equilibrium  before  food  and  oxygen  is 
exhausted.  This  inactivity  or  equilibrium  is  not  disturbed  by  washing 
with  serum  but  only  when  colloids  (fibrin)  or  dead  cells  are  added.  It  is 
assumed  to  be  due,  therefore,  to  the  accumulation  of  waste  product  in- 
soluble in  serum  but  soluble  in  colloidal  substances.  This  product  in  the 
presence  of  the  surface  food  layer  decreases  the  surface  tension  of  the 
cell.   With  one  end  of  the  cell  in  equihbrium,  the  other  yielding  an 
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insoluble  product  it  is  evident  that  periodically  this  insoluble  prod- 
uct may  be  broken  up  and  an  electric  current  pass  (Bredig's  phe- 
nomenon). It  has  been  shown  that  oxygen  is  absorbed  only  during  the 
relaxation  period,  tension  is  then  developed.  Lactic  acid  is  liberated  at 
contraction.  The 'author  has  found  that  lactic  acid  causes  an  increase 
in  surface  tension. 

Thus  a  theory  for  the  mechanism  of  heart  muscle  contraction  has  been 
developed  which  explains  the  energy  transformations  and  the  physico- 
chemical  changes  known  to  occur  in  heart  muscle  contraction. 

The  experiments  were  made  with  single  and  completely  isolated 
rhythmically  contracting  heart  muscle  celb.' 

Effects  qf  external  temperature  and  certain  drugs  on  thyroid  activity.    C, 

A.  Mills. 

Effects  of  variations  of  external  temperature  on  dogs,  cats,  guinea 
pigs,  and  rabbits  were  studied.  It  was  found  that  animals  kept  at  30  to 
ST^C.  for  several  days  showed  the  following  changes  in  almost  every 
case:  the  colloid  content  of  the  vesicles  was  increased  in  amount,  pre- 
sented a  uniform  appearance,  and  stained  rather  intensely  with  eosin; 
the  epithelial  cells  hning  the  vesicles  were  decreased  in  height,  often 
entirely  flattened,  their  cytoplasm  and  nuclei  appearing  rather  compact 
and  dense. 

Animals  subjected  to  low  temperature,  such  as  out-door  winter  tem- 
perature, for  the  same  length  of  time  exhibited  a  markedly  different  set 
of  histological  changes  in  the  thyroid.  The  colloid  decreased  in  amount, 
sometimes  disappearing  almost  entirely,  stained  less  intensely  with 
eosin,  and  contained  vacuoles  of  various  sizes  around  the  edge  near  the 
cells.  These  vacuoles,  in  some  cases,  entirely  replaced  the  colloid,  or 
left  only  shreds  of  it,  looking  as  if  the  vacuoles  were  formed  by  the  re- 
sorption of  the  colloid  by  the  cells,  leaving  in  its  place  a  clear  non- 
staining  fluid.  The  epithelial  cells  lining  the  vesicles  became  elongated 
to  cuboidal  or  columnar  types,  both  cytoplasm  and  nuclei  apparently 
having  enlarged  and  become  less  dense. 

If  wo  take  as  the  index  to  the  activity  of  the  thyroid  during  the  period 
of  observation,  the  increase  or  decrease  in  the  amount  of  stored  colloid; 
its  staining  reaction,  and  the  presence  or  absence  in  it  of  vacuoles,  and 
also  the  character  of  the  cells  lining  the  vesicles,  then  the  thyroid  is 
shown  to  respond  to  temperature  variations,  other  conditions  being  kept 
as  near  constant  as  possible.  This  same  work  is  now  being  tried  on 
opossums,  using  Bensley's  stain  to  demonstrate  the  amount  of  true  sccre* 
tion  antecedent,  as  he  terms  it  in  his  work,  found  in  the  epithelial  cells 
under  these  dilTerent  conditions,  in  order  to  see  if  the  two  methods  of 
gauging  thyroid  activity  yield  comparable  results. 

Certain  drugs  were  also  tried,  and  the  histological  changes  in  the 
thyroid  noted.  Morphine,  injected  into  cats  in  amounts  sufficient  to  pro- 
duce hyperexcitability,  caused  changes  in  the  thyroid  closely  reiembling 

■  Burrows:  Mflncbener  Nfed.  Woch.,  1913. 
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those  described  above  as  resulting  from  low  temperatures.  On  rabbita 
the  effects  were  identical  with  those  of  high  temperatures.  Quinine  had 
the  same  effects  on  the  thyroid  in  rabbits  as  did  morphine.  Strychnine 
is  now  being  tried  to  see  if  the  activity  of  the  gland  is  increased  along 
with  the  hyperexcitability  of  the  animal. 

The  influence  of  pituitary  extracts  on  the  daily  output  of  urine.    H,  M. 

Rees. 

The  earher  work  on  the  extract  from  the  posterior  lobe  lists  it 
as  a  diuretic,  while  recent  investigators  conclude  that  it  is  an  anti- 
diuretic. 

It  was  our  purpose  in  this  investigation  to  find  out:  (1)  whether  the 
subcutaneous  injection  of  pituitary  extract  will  cause  any  quantitative 
variation  in  the  daily  output  of  urine;  (2)  whether  such  injectioA  will  in 
any  way  affect  the  quantity  of  urine  excreted,  and,  if  so,  to  find  out  if 
possible  the  factors  involved. 

Cats  and  rabbits  were  used  as  the  experimental  animals.  The  obser- 
vations in  each  case  were  over  three  to  ten  days  for  the  control  and  three 
to  ten  days  for  the  injection. 

The  daily  quantity  and  the  specific  gravity  were  the  principal  points 
noted.  Variations  in  rate  of  output  were  also  noted  in  several  of  the 
experiments. 

It  was  found  that  pituitary  extract  does  not,  when  injected  sub- 
cutaneously,  alter  the  amount  of  urine  excreted  per  day  in  cats  and 
rabbits,  nor  does  it  cause  any  marked  variation  in  the  specific  gravity 
of  the  urine.  There  is,  however,  a  verv-  striking  effect  on  the  rate  of 
excretion.  Subcutaneous  injection  of  pituitary  extract  causes  a  delay  of 
seven  to  eight  hours  before  the  beginning  of  the  diuresis  which  follows 
the  injection  of  the  large  amounts  (150-:S)0  cc.)  of  water. 

Endence  of  toxic  action  of  ovaries  of  gar.    Charles  W.  Greene,  Eawm 

E.  Nelson  and  Edoar  D.  Baskett, 

The  reputed  toxicity  of  gar  ovaries  was  tested  by  feeding  fresh  ovaries 
to  chickens,  white  rats,  cats,  and  dogs.  Chickens  were  fed  from  5  to  75 
grams  each  in  amounts  distributed  over  several  feedings.  These  tests 
were  run  at  intervals  on  individuals  of  fwns  under  observation  from 
thirty  to  fifty  days.  Control  chickens  were  fed  fresh  gar  meat  and  carp 
ovaries  in  addition  to  grain  and  kitchen  scraps.  This  diet  was  also  given 
to  experimental  individuals  between  tests.  All  ovaries  and  meats  were 
fed  fresh,  generally  within  an  hour  after  the  fish  had  been  killed.  The 
symptoms  produced  were  loss  of  tone  and  paralysis  of  the  crop,  loss 
of  appetite,  diarrhoea,  loss  of  weight,  muscular  weakness,  disturbance  of 
the  circulation  as  shown  in  the  comb  and  wattles  and  depression  of  the 
central  nervous  system.  If  large  amounts  of  the  gar  ovaries  were  fed 
the  chickens  became  gradually  weaker,  dying  after  three  or  four  days. 
If  the  ovary  was  withheld,  in  time  the  chickens  slowly  recovered.  The 
ovaries  are  taken  freely  the  first  feeding,  but  never  voluntarily  the 
second  time,  hence  forced  feeding  was  used.  Single  feeds  of  5  grams  was 
the  minimum  toxic  dose  producing  just  perceptible  symptoms. 
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White  rats  died  after  eating  quaotities  as  small  as  5  grams  of  gar 
ovary.  The  toxic  effects  were  general  malaise,  diarrhoea,  marked 
diureses,  iosa  of  appetite,  muscular  weakness,  and  death.  Autopsy 
showed  stomach  and  intestines  dilated  by  gas  and  usually  with  a  severe 
congestion  of  the  ileum. 

Cats  were  given  from  5  to  35  grams  in  a  single  feed.  This  was  taken 
voluntarily  the  first  time  but  never  the  second.  Fresh  ovaries  and 
ovaries  cooked  by  steam  produced  the  same  effects.  In  all  tests  the. 
ovaries  were  vomited  within  two  and  a  half  hours,  usually  earlier. 
Occasionally  there  was  a  slight  diarrhoea  but  no  other  symptoms  were 
noted.  The  same  effects  followed  when  the  ovaries  were  fed  to  dogs. 
Violent  vomiting  was  exhibited.  The  last  vomited  material  was  partly 
digested  Organ  tests  are  under  way  and  chemical  separations  likewise. 
The  latter  indicate  that  the  toxic  substance  lies  in  the  globulin  fraction 
though  we  do  not  consider  this  point  fully  established. 


Some  electrical  phenomena  of  the  submaxillary  qland.    Robert  Gbsell. 

The  electrical  variations  of  the  submaxillary  gland  activated  in 
various  wavs  were  graphically  recorded.  Both  two  gland  leads  and 
single  gland  lea<is  were  employed. 

To  interpret  the  deflections,  blood  pressure,  secretion,  and  volume 
flow  of  blood  were  simultaneously  recorded. 

To  maintain  a  constant  condition  of  the  animal  the  volume  flow  of 
blood  was  studied  by  an  automatic  and  bloodless  method  especially 
devised  for  these  experiments. 

The  electrical  deflection  obtained  from  prolonged  chorda  stimulation, 
with  the  usual  lead,  commonly  shows  four  negative  waves. 

The  deflection  obtained  by  chorda  stimulation,  with  the  general  con- 
dition of  the  animal  remaining  constant,  is  variable  depending  largely  on 
four  factors — duration  of  stimulation,  strength  of  stimulation,  duration 
of  the  period  of  rest,  and  the  position  of  the  electrodes  on  the  gland. 

By  keeping  all  four  of  these  factors  constant,  provided  the  period  of 
rest  is  sufficient,  superimpossible  deflections  can  be  obtained.  This 
suggests  the  practicabihty  of  studying  glandular  proceasos  by  the  elec- 
trical method,  and  permits  the  establishment  of  controls  for  studying 
the  effects  of  introduction  of  other  variables. 

Results  of  some  experiments  indicate  that  contractility  of  the  salivary 
ducts  may  account  for  the  first  negative  wave.  Other  causes  such  as 
relaxation  of  the  blood  vessels  were  not  ruled  out,  however. 

The  secon<l  and  third  n^ative  waves  have  much  in  common.  In 
most  experiment*!  the  amplitude  of  these  waves  varied  roughly  with  the 
rate  of  secretion.  This  correspondence  may  in  part  account  for  the  dip 
in  the  deflection  betwwn  the  .second  and  third  waves  ehcitcd  by  pro- 
longed chorda  stimulation.  Certain  experiments,  however,  intjicate 
that  change  in  rate  of  secretion  may  not  be  Che  sole  cause  of  this  dip. 

Frictional  electricity  as  prwiuced  by  flow  of  sahva  or  blood  through 
the  vesMols  i.s  probably  a  minor  factor  in  determining  the  deflection.. 
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Obstruction  of  either  the  salivary  duct  or  the  carotid  artery  during 
glandular  activity,  however,  mErkedly  affects  the  electrical  variation. 

The  effect  of  arterial  obstruction  ia  probably  produced  by  the  regula- 
ting effect  of  blood  supply  on  glandular  metabolism. 

The  fourth  negative  wave  is  not  constant.  When  it  does  occur,  it 
may  last  as  long  as  twenty  minutes,  and  may  possibly  represent  the 
progress  of  recovery  processes. 
•  There  seems  to  be  a  number  of  factors  operating  to  produce  the 
resultant  deflections.  Interpretations  of  the  deflections  are,  at  present, 
only  tentative. 

An  automatic  and  bloodless  method  of  recording  the  volume  flow  of  blood. 

Robert  Gesell. 

The  device  used  in  this  method  consists  of  an  electrical  arrangement 
which  permits  the  automatic  filling  and  emptying  of  a  segment  of  vein 
draining  the  tissue  under  study. 

The  apparatus  described  was  devised  primarily  to  record  the  volume 
flow  of  blood  through  the  submaxillary  gland,  but  it  can  be  used  for 
other  tissues  as  well. 

In  measuring  the  volume  flow  of  blood  through  the  submaxillary  gland, 
all  the  veins  emptying  into  the  external  jugular  vein,  with  the  exception 
of  those  coming  from  the  gland,  are  ligated.  The  jugular  vein  is  then 
placed  in  a  trough  under  an  emptying  plate  and  a  cutoff.  The  cutoff  is 
held  down  on  the  vein  by  the  pull  of  a  spring,  preventing  the  flow  of  blood 
to  the  heart.  In  consequence,  the  blood  accumulates  in  the  vein  below 
the  emptying  plate,  raising  this  plate  until  an  electrical  contact  is  made, 
which  simultaneously  opens  the  cut  off  and  presses  down  the  emptying 
plate.  The  emptying  of  the  vein  breaks  the  contact,  the  cut  off  closes, 
and  the  process  repeats. 

The  rate  of  filling  and  emptying  varies  directly  with  the  volume  flow 
of  blood.    This  method  can  be  made  quantitative  by  cahbration  of  the 


Vagotonic   and  sympathetic-atonic    effects   on   gastric    motility.    T.  L. 

Patterson. 

The  studies  were  made  upon  the  bullfrog,  Rana  catesbiana,  and  the 
balloon  method  was  used.  All  the  animals  were  stomostomized'  and 
normal  records  of  the  gastric  hunger  contractions  with  acid  inhibtion 
obtained,  5  cc  of  0.5  per  cent  hydrochloric  acid  being  used  in  each  case. 
They  then  underwent  a  second  operation  in  which  either  both  vagi  or 
both  splanchnics  were  sectioned  and  the  above  observations  repeated. 
The  vagi  were  cut  in  the  region  of  the  neck;  the  splanchnics  in  the 
region  of  the  coeliac  plexus  after  laparotomy. 

Section  of  both  vagi  with  the  splanchnica  intact  leads  to  a  sympa- 
thetic-atonic condition  of  the  stomach  with  about  the  normal  type  of 
hunger  contractions  persisting,  with  the  exception  that,  on  the  whole, 

>  Pattersoa:  Thia  Journal,  I91S,  xlii,  01. 
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thoy  appear  to  be  of  a  slower  rate  and  slightly  weaker,  whereas  the 
inhibition  produced  by  the  acid  is  quicker  and  more  marked  than  in  the 
normal  animal.  Section  of  both  splanchnics  with  the  vagi  intact  leads 
to  a  hypertonic  stomach.  The  contractions  &re  small  tending  to  run  into 
incomplete  tetanus  with  an  increased  rate,  while  the  acid  inhibition  is 
almost  without  effect  there  being  only  a  very  slight  decrease  in  the 
height  of  the  contractions. 

Likewise,  the  same  general  influence  which  these  two  sets  of  nerves 
exert  separately  on  the  gastric  apparatus  may  be  shown  when  the  splanch- 
nitized  stomach  is  superimposed  upon  the  vagotomized  stomach  from 
two  frogs  of  equal  size.  The  latter  or  larger  stomach  represents  the 
atonic  and  the  former  or  smaller  the  hypertonic  while  the  normal 
stomach  takes  an  intermediate  position  between  the  two.  It  may  be 
eaitl,  therefore,  that  the  reciprocal  or  contrary  innervation  of  Meltzer 
which  may  be  termed  antagonistic  tonus,  may  be  physiological  as  long 
as  it  serves  the  purposes  of  the  organ  in  question  in  a  beneficial  manner. 
It  is  pathological  a^  soon  as  the  tonus  of  one  or  the  other  is  so  exaggerated 
that  the  common  welfare  of  the  organ  is  in  danger  and  that  is  exactly 
what  happens  in  the  splanchnitized  frog's  stomach  where  the  hyper- 
tonus  of  the  vagus  leads  to  a  state  of  overexcitability,  or  to  the  Eppinger- 
Hess  condition  of  vagotonia.  Further  investigations  on  this  subject 
are  in  progress. 

Studies  on  gastric  secretion  in  ?nan  and  dog:  Gastric  secretion  and  urine 

ammonia.     A.  C.  Ivy. 

This  study  consisted  in  the  examination  of  the  urine  ammonia  and 
gastricjuice  during  (1)  gastric  stimulation  followed  by  absorption  in  the 
intestine,  (2)  gastric  stimulation  without  absorption  in  the  intestine, 
(3)  intravenous  injection  of  water,  (4)  the  absorption  from  the  intestine 
of  water,  acid  and  alkali  introduced  by  duodenal  tube  and  duodenal 
fistula,  and  (5)  during  diuresis. 

(Sastric  analyses  were  made  every  fifteen  minutes.  I'rine  was  col- 
lected in  fifteen  or  thirty  minute  intervals  by  catheter  in  dogs  and 
voluntary  micturition  in  man.  Controls  were  made  for  one-half  to  one 
hour  preceding  the  experiment  to  determine  the  continuous  gastric  secre- 
tion and  urine  ammonia.  Conclusions  are  based  on  from  three  to  ten 
trials  of  the  same  experiment  in  each  individual.  The  work  has  been 
done  on  five  normal  men  (the  injections  via  duodenal  tulw  were  done 
only  on  one  man),  and  has  been  repeated  on  female  dogs  with  gastros- 
tomy, duodenostomy  and  perineorrhaphy  (perinaeum  slit  to  expose 
urethral  orifice}.  For  the  determination  of  urine  ammonia  the  Folin 
macroohemical  method  and  Folin-Nessier  method,  with  the  permutit 
modification'  have  t>cen  used. 

It  has  been  found  that: 

1.  There  is  an  increase  in  urine  ammonia  beginning  one-half  to  one 
hour  after  the  ingestion  of  a  meal.  This  increase  varies  in  the  same  in- 
dividual an<l  in  different  individuals  on  a  constant  diet. 

'  FoliD  and  Hell :  Journ.  Biol.  Chem.,  1917.  xx\x,  329. 
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2.  During  gastric  stimulation  by  food  or  water  followed  by  absorption 
in  the  intestine  there  is  an  increase  in  urine  ammonia. 

3.  During  gastric  stimulation  by  food  or  water  not  followed  by  ab- 
sorption in  the  intestine  no  increase  in  urine  ammonia  results. 

4.  Intravenous  injection  of  200  cc,  of  water  causes  some  gastric  stimu- 
lation without  an  increase  in  urine  ammonia  or  urine  output. 

5.  (a)  The  absorption  of  water  from  the  intestine  causes  some  diure- 
sis but  no  change,  in  urine  ammonia. 

(b)  The  absorption  of  acid  from  the  intestine  causes  some  diuresis 
with  an  increase  in  urine  ammonia. 

(c)  The  absorption  of  alkali  from  the  intestine  causes  diuresis  with 
a  decided  decrease  in  urine  ammonia. 

6.  Diuresis  per  se  causes  no  change  in  urine  ammonia. 

So  gastric  secretion  and  urine  ammonia  are  related  in  that  the  urine 
ammonia  is  increased  by  the  absorption  from  the  intestine  of  the  acid 
product  of  the  gastric  secretion. 

During  the  course  of  this  study  it  has  also  been  found  that: 

1.  Copious  water  (300  cc.  in  Pavlov  dogs  and  500  cc.  in  man)  with 
the  meals  causes  an  increase  in  the  amount  and  in  the  free  and  total 
acidity  of  the  gastric  juice.     There  is  no  change  in  peptic  activity. 

2.  The  latent  period  of  the  gastric  glands  of  man  when  stimulated  by 
water  is  from  five  to  seven  minutes. 

3.  All  stomaclis  are  not  stimulated  by  water,  which  seems  to  depend 
upon  the  rate  of  emptying  the  water,  e.g.,  those  stomachs  that  empty 
water  slowly  (leas  than  150  cc.  in  fifteen  minutes  when  400  cc.  are 
drunk)  respond  much  more  than  those  that  empty  water  fast. 

The  effect  of  water  and  sodium  bicarbonate  on  gastric  secretion.    C.  E. 

King  and  W.  W.  Hanford. 

Dogs  with  the  miniature  stomach  according  to  Pavlov  were  used.  A 
uniform  diet  was  maintained.  The  juice  secreted  after  the  introduction 
of  distilled  water  was  taken  as  the  standard,  and  with  it  was  compared 
the  juice  secreted  after  the  administration  of  a  1  per  cent  solution  of 
sodium  liicarbonate.  Experiments  were  carried  out  in  which  the  water 
and  alkali  were  introduced  into  the  empty  stomach,  also  with  the  meals 
and  during  the  various  stages  of  digestion.  Dogs  weighing  about  15 
kilos  were  used.  The  volume  of  liquid  given  each  time  was  400  cc. 
The  following  is  a  summary  of  the  observations  and  conclusions: 

1.  Water  excites  the  flow  of  gastric  juice. 

2.  Water  starved  dogs  secrete  no  appetite  juice  when  shown  water  in 
the  container  from  which  they  are  accuston.ed  to  drink,  orwhen  placed 
near  running  water. 

3.  The  acidity  of  the  gastric  juice  runs  parallel  with  the  rate  of  secre- 
tion until  a  maximum  is  reached.  This  maximum  varies  in  different 
dogs  but  is  near  0.5  per  cent  HCl. 

4.  Water  given  with  meals  or  during  digestion  results  during  the  fol- 
lowing hour  in  an  increase  in  the  amount  of  juice  secreted  over  that 
which  would  be  secreted  on  the  administration  of  either  water  or  meat 
alone.     This  also  holds  true  for  1  per  cent  sodium  bicarbonate. 
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d.  One  per  cent  sodium  bicarbonate  excites  the  flow  of  gastric  juice, 
being  somewhat  less  effective  than  distilled  water.  The  depression  ie 
not  80  marked  as  reported  by  Pavlov. 

6.  The  acidity  of  alkali  juice,  when  the  alkali  is  introduced  into  the 
empty  stomach,  is  on  an  average  a  little  lower  than  that  of  water  juice, 
but  not  materially  different  when  given  with  meals  or  during  digestion. 
This  refers  to  total  acidity.  The  combined  acidity  of  alkali  juice  is  a 
little  higher  than  that  of  water  juice. 

7.  Water  and  alkali  juices  possess  approximately  the  same  peptic 
activity,  but  both  are  much  less  active  than  meat  juice. 

8.  No  injurious  effects  were  noted  on  the  continued  administration 
of  1  per  cent  sodium  bicarbonate. 

The  effect  of  water  on  gastric  necrelion.    Geo.  F.  Sutherland. 

This  is  a  study  of  the  mechanism  of  the  stimulating  action  of  water  on 
gastric  secretion.  Psychic  secretion  from  the  drinking  of  water  was  not 
tested,  since  its  importance  has  already  been  shown  by  Carlson,  Orr 
and  Brinkman.  Two  other  factors  were  studied,  (a)  dilution  of  the 
blood  by  intravenous  infusion,  and  (b)  more  rapid  absorption  of 
sccretagogucs. 

The  intravenous  infusion  of  10  to  20  cc.  of  distilled  water  per  kilo 
body  weight  in  dogs  with  a  Heidenhain  or  Pavlov  pouch,  or  a  simple 
gastric  fistula,  is  stimulant  to  gastric  secretion.  Ringer's  solution 
variously  diluted,  or  a  o  per  cent  gelatin  solution  in  Ringer's  produced 
a  similar  response.  Water  introduced  into  the  small  intestine  without 
the  possibilityof  regurgitation  into  the  stomach  produces  a  slight  though 
defiHite  ri'sponw.  Introduction  of  water  by  stomach  tube  stimulates 
gastric  secretion  in  man  ami  dogs.  Water  intro<luced  into  the  gastro- 
intestinal tract  has  a  greater  stimulating  effect  than  by  intravenous 
infusion  probably  iK-causc  it  increases  the  absorption  of  sccretagogucs. 

A  0.23  per  cent  calcium  chloride  solution  (16  cc.  per  kilo  body  weight 
by  intravenous  infu.'^ion)  did  not  inhibit  the  secretion  caused  by  gastric 
secretin. 

There  is  a  periodicity  in  the  gastric  secretion  in  starvation,  periods  of 
low  activity  alternating  with  periods  of  "spontaneous"  increased 
activity. 

In  pups  and  kittens,  the  gastric  glands  are  not  able  to  secrete  free 
HCI  until  about  the  time  of  birth.  In  guinea  pigs,  this  power  is 
developed  earlier. 

Further  studies  of  the  mechanism  of  the  clinical  measurement  of  blood 

pressure.    Albkrt  M.  Bleile  an<l  Clyde  Brooks. 

The  demonstration  of  the  physics  of  the  arm  band  indirect  method 
of  measurement  of  blood  pressure  by  Brooks  and  Luckhardt'  opened 

'  Brooks  and  Luckhardt:  Demons ( rat ioD  before  the  .A.roeHcftD  Physiological 
Society,  IJpopinbcr,  1  14,  also.  The  chief  mechanisros  concerned  in  clinical 
methods  uf  mcosu  lag  hlnid  pressure,  this  Journal,  1916,  xl,  40. 
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and  paved  the  way  to  a  more  complete  understanding  of  the  pulse 
sounds  in  the  auditory  method  of  clinical  measurement  of  blood  pressure. 

The  present  work  consists  of  a  close  observation  of  the  pulse  sounds  in 
a  large  number  of  cases  and  an  attempt  tocorrelate  these  with  what  has 
just  been  discovered  regarding  the  behavior  of  the  blood  vessel  during 
the  application  of  the  arm  band  method. 

The  result  indicates  that  the  sounds  heard  are  more  varied  and  com- 
plicated than  are  generally  recognized.  There  are  certainly  more  than 
the  four  phases  described  by  Korotkow.  They  seem  too  many  and  too 
complicated  to  describe  here. 

However  it  may  be  definitely  stated  that  the  "swish  sounds  "  occur 
at  such  a  time  and  in  such  a  manner  as  to  be  in  agreement  with  the 
hypothesis  that  they  are  due  to  the  squirting  of  blood  through  the  narrow 
orifice  of  the  flattened  but  incompletely  closed  blood  vessel. 

A  full  report  of  these  studies  will  be  published  shortly. 

The  length  of  the  systole  and  the  diastole  of  the  human  heart.    Warren  P. 

Lombard  and  Otis  M.  Cope. 

There  is  great  and  immediate  need  of  practical  methods  of  deter- 
mining the  functional  condition  of  the  heart  muscle,  and  of  the  irri- 
tability of  the  nervous  mechanisms  which  regulate  its  action.  Ordinary 
muscles  when  fatigued  or  degenerated  show  a  longer  latent  period  and  a 
more  prolonged  contraction  than  normal,  and  presumably  the  same  would 
be  true  of  the  heart  muscle.  Accurate  measurement  of  a  sufficiently 
long  series  of  systoles  and  diastoles  would  give  information  not  only 
concerning  the  heart  muscle,  but  concerning  the  behavior  of  the  respira- 
tory and  vaso-motor  nervous  mechanisms  which  influence  the  heart 
rate.  There  ought  to  be  a  table  which  would  supply  at  a  glanc^  the 
average  length  of  the  systole  and  diastole  of  the  normal  heart,  and  the 
ordinary  variations  from  the  average,  by  every  ordinary  heart  rate,  the 
rate  being  eatunated  from  the  length  of  the  individual  cycles.  The 
writers  have  begun  the  preparation  of  such  a  table.  Although  photo- 
graphic records  of  the  heart  sounds  would  probably  supply  the  most 
accurate  measurements,  the  writers  have  thus  far  employed  tambour 
records  of  the  carotid  pulse,  because,  if  these  proved  sufficiently  reliable, 
they  would  be  of  more  practical  use.  The  results  of  the  measurement 
of  the  systoles  and  diastoles  of  1600  heart  cycles  of  twenty  normal  young 
men  were  shown  in  a  chart.  The  chart  gave  for  every  heart  rate  from 
60  to  120,  ascalculated  from  the  cycles,  the  average  length  of  the  systoles 
and  diastoles,  the  variations  from  these  averages,  and  the  number  of 
cycles  and  of  men  supplying  the  data  for  each  heart  rate.  Another 
chart  illustrated  the  great  variations  in  the  lengths  of  the  systoles  and 
diastoles  which  may  normally  occur  during  one  minute,  as  a  result  of 
inspiratory  and  vaso-motor  effects. 

A  new  criterion  for  the  determination  of  the  diastolic  pressure  in  oscilla- 
tory blood  pressure  records.     Bernard  Fantus. 

The  shape  of  the  oscillations  may  be  of  as  great  importance  in  deter- 
mining the  [Ktiut  of  diastolic  pressure  in  oscillatory  blood  pressure  records 
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taken  by  the  Erianger  method  as  the  height  of  the  oscillation.  A  com- 
pound lever  tambour,  such  as  the  vertical  membrane  tambour  of  Zim- 
merman (Leipsig)  or  a  2.5  cm.  tamlxiur  of  Edward  Meister  (Johns  Hop- 
kins University,  Baltimore),  is  more  suitable  for  expres^ng  the  shape  of 
the  oscillations  than  the  simple  tambour  commonly  used .  To  bring  out 
the  true  shape  of  the  oscillations,  it  is  also  necessary  that  an  adjustable 
leak  be  provided  in  tho-tambour  space,  aasuggestedby  Dr.  O.  M.  Cope 
of  the  University  of  Michigan,  instead  of  the  minute  hole  in  the  tambour 
providal  by  Erianger.  A  rather  soft  thoroughly  elastic  rubber  bulb  and 
an  arm  bag  with  a  stiff  leather  backing  are  also  indispensable  requisites. 
When  these  conditions  are  met,  it  will  be  found  that  the  pulse  oadlla- 
tion  that  would  Tnake  a  triangle  of  greatest  area  coincides  with  the  fourth 
phase  of  KorotkolT.  Under  optimum  conditions,  a  striking  change 
appears  in  the  succeeding  oscillation,  consisting  of  a  lack  of  sup- 
port in  the  downstroke  of  the  pulse  oscillation,  causing  a  more  definite 
expression  of  the  dicrotic  notch.  This  change  is  evidently  due  to  the 
fact  tliat  the  tambour  lever  flung  up  by  the  pulse  wave  is  now  no  longer 
well  supported  during  its  descent,  owing  to  the  flaccid  condition  of  the 
elastic  system.  Hence,  the  last  well  supported  downstroke  in  the 
oscillation  that  would  make  a  triangle  of  greatest  area  indicates  the 
level  of  diastohc  pressure.  In  experimental  procedure  a  signal  magnet 
marks  the  Korotkoff  sounds,  which  were  registered  by  an  observer, 
without  looking  at  the  tracing  that  was  being  taken.  The  first  sound 
of  Korotkoff  is  indicated  by  one  tick  of  the  signal  magnet,  the  fourth 
phase  is  signalled  by  two  ticks,  which  are  lettered  '  'D."  A  monometer 
registers  the  pressure  in  the  arm  bag  synchronously  with  the  oscillatory 
record  of  an  Erianger  bulb  and  tambour  arrangement  the  tracing  of 
which  indicates  the  systolic  criterion  of  Krlangcr  and  the  diastohc 
criterion  here  described.  The  carotid  tambour  record  taken  synchron- 
ously (breath  being  held)  shows  by  the  time  relations  that  the  marked 
notch  following  "D"  in  the  Erianger  bulb  and  tambour  tracing  is  the 
dicrotic  notch. 

The  preanacrotic  phenomenon  and  its  relation  to  the  arterial  compress  ion 
soutuis  of  Korotkoff.  A  demonstration.  Joseph  Erianger. 
Records  obtained  from  the  artery  in  situ  where  and  while  it  is  being 
docomprcsacd'  as  in  estimating  the  arterial  pressure  in  man,  show  a  series 
of  small  wavos,  the  most  prominentof  which  usually  is  negative,  immedi- 
ately ahead  of  the  anacrotic  limb  of  the  pulse,  but  fully  developed  only 
in  the  more  distal  parts  of  the  compressed  length  of  artcrj'.  Korotkoff 
sounds  first  become  audible  in  the  artery  l>eyond  the  compression 
.*iimultaneously  with  the  development  of  these  waves.  As  decom- 
pression proeeetls,  these  waves  increase  in  amplitude  and  complexity, 
but  disappear,  usually  quite  abruptly,  with  the  first  pulse  of  the  fourth 
sound-phase  and  when  the  artery  first  remains  fully  rounded  but  undis- 
tended  at  the  end  of  diastole.     During  this  first-to-fourth  sound-phase 
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period  the  anacrotic  limb  of  the  pulse  steepens  as  it  proceeds  along  the 
compressed  segment.  These  changes  in  pulse  form  we  designate  the 
preanacrotic  phenomenon. 

A  similar  ph^omenon  is  Been  in  a  model  consisting  mainly  of  a  water- 
filled  tube  about  one  meter  long,  rolled  out  of  thin  rubber  dam,  through 
which  artificial  pulses  are  propagated.  When  this  tube  is  partially 
filled,  for  instance  so  as  to  be  half  flat,  the  anacrotic  hmb  of  the  pulse, 
as  it  proceeds,  for  a  time  steadily  increases  in  steepness.  About  7  to  12 
cm.  down  the  tube  a  preanacrotic  negative  wave  begins  to  form.  This 
wave  deepens  and  shortens,  and  at  about  15  cm.  there  appears  in  front  of 
it  a  positive  wave  which  also  grows  and  eventually  develops  in  fmnt  of 
itself  another  negative  wave.  At  about  19  cm.  the  first  negative  and 
positive  waves  are  found  well  up  in  the  anacrotic  limb  of  the  pulse. 
This  process  then  repeats  itself  over  and  over  again  some  distance  down 
the  tube.  The  ascension  of  these  ripples  into  the  anacrotic  limb  is  due 
to  the  faster  propagation  of  the  pube  proper.  The  same  sequence  can 
be  traced  in  the  records  obtained  from  animals. 

The  position  of  ripple  formation  shifts  downward  as  the  tube  fills, 
and  at  the  degree  of  roundness  (fullness)  that  is  determined  by  a  pres- 
sure of  only  1-3  mm.  Hg.,  ripple  formation  ceases.  A  lever  resting 
across  the  tube  is  thrown  violently  from  it,  but  only  when  the  preana- 
crotic phenomenon  is  in  evidence  under  it.  A  sharp  snapping  sound  is 
produced  by  each  pulse,  but  again  only  when  and  where  the  preana- 
crotic phenomenon  ia  in  evidence.  Elsewhere  and  at  other  times  if  a 
sound  is  audible  at  all,  it  is  dull  in  quahty.  Presumably,  therefore, 
the  sharp  Korotkoff  sounds  are  produced  by  the  thrust  of  the  steep 
anacrotic  limb  that  develops  in  association  with  the  preanacrotic  phe- 
nomenon'. Sharp  sounds  are  therefore  heard  in  man  during  the  stage 
of  decompression  included  between  the  pulse  following  the  first  to  pene- 
trate the  length  of  the  compressed  segment  and  the  pulse  following 
which  the  wall  of  the  artery  fails  to  be  relaxed  by  the  compression, 
that  is,  from  just  below  systoUc  to  just  below  diastolic  arterial  pressures. 

Some  uses  of  tmre  in  the  laboratory.    Arthur  D.  Hirschfelder. 

Easily  adjustable  semi-rigid  holders  for  cannulas,  glass  tubes,  funnels, 
etc.,  can  be  made  by  twisting  soft  iron  stove-pipe  wire  a  few  turns 
around  a  ring  stand  then  twisting  tightly  into  a  double  strand  from  6  to 
10  inches  and  then  twisting  a  few  turns  about  the  object  to  be  grasped. 
The  double  strand  of  iron  wire  is  just  rigid  enough  to  hold  in  place  many 
of  the  ordinary  objects  used  in  experimentation  and  yet  flexible  enough 
to  admit  of  adjustment  in  every  direction. 

Spring  brass  wire  of  various  weights  can  be  used  to  make  convenient 
retractors  for  operations  and  dissections.  The  wire  is  first  bent  into  a 
"U"  of  desired  size  ranging  from  5  to  15  cm.  and  the  hooks  to  grasp  the 
tissue  are  then  made  at  the  end  of  each  arm  of  the  '  'U."     These  also  are 
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"U"  shaped  with  arms  0.5  to  2  cm,  in  length  bent  at  right  angles  to  the 
anna  of  the  large  "U,"  with  the  open  portion  of  the  "U  "  pointing  out- 
ward, the  connecting  arm  of  the  '  'U  "  facing  inward.  In  this  way  the 
Btnall  "U's"  grasp  the  tissue  on  each  side  and  are  pulled  apart  by  the 
spring  of  the  large  "U."  The  small  "U's"  may  be  made  moat  qmckly 
by  heating  the  ends  of  the  large  "U"  to  take  out  the  temper  before 
binding.  A  spherical  drop  of  solder  placed  at  the  free  end  of  each  small 
"U"  prevents  the  retractor  from  tearing  the  tissues.  Retractors  made 
in  this  way  are  very  satisfactory. 

A  convenient  lever  for  marking  signals,  recording  contractions  of 
muscles,  ventricles,  etc.,  can  be  made  from  spring  brass  wire  by  winding 
one  end  into  a  coil  around  the  ring  stand  and  leaving  the  other  end  to 
extend  horizontally  out  from  the  ring  stand  for  15  or  20  cm.  This  hori- 
zontal arm  forms  the  recording  lever.  A  small  ring  twisted  into  the 
other  free  end  of  wire  coil  can  be  twisted  into  place  directly  below  the 
horizontal  lever  arm  and  a  thread  can  be  run  through  this  ring  and 
attached  to  the  lever  arm.  This  thread  may  be  pulled  on  directly  or  it 
may  be  brought  out  through  a  second  loop  of  wire  attached  to  the  base  of 
the  ring  stand.  A  pull  upon  the  thread  causes  mo.vement  of  the  lever, 
which  can  be  recorded  on  the  drum. 

Some  simple  vfdves  for  respiration  apparatus.     Arthdr  D.  Hirsch- 

FELDER  and  Edqar  D.  Brown. 

A  valve  for  use  in  respiration  apparatus  is  easily  made  by  taking  a 
i  or  1  ounce  tin  salve  box,  and  cutting  a  hole  in  the  top  and  one  in  the 
bottom  of  the  box,  and  into  the  hole  soldering  a  piece  of  brass  tube. 
Care  must  be  taken  that  the  end  oT  the  tube  does  not  protrude  into  the 
salve  box.  An  elliptical  piece  of  thick  rubber  dam,  a  little  larger  than 
the  hole,  is  now  placed  so  as  to  cover  the  hole  and  is  held  in  place  by  a 
U-shaped  bridle  of  spring  brass  wire  whose  ends  are  soldered  down  upon 
the  inside  of  the  salve  box.  For  respiration  experiments  two  such  salve 
boxes  are  used— soldered  upon  each  arm  of  a  brass  T-tube,  the  lid  of  one 
box  on  arm  of  the  T,  the  body  of  the  other  box  upon  the  other  arm. 
In  this  way  an  inflow  and  an  outflow  valve  are  made.  The  apparatus  is 
very  easily  constructed  and  the  valves  work  well. 

A  simple  slalagmometer.    Artiiitr  D.  Hirschfelder. 

A  piece  of  fine  brass  wire  is  inserted  into  the  end  of  a  piece  of  thick 
walled  barometer  tubing  of  2  mm.  lumen  and  7  mm.  outside  diameter. 
The  end  of  the  tubing  is  closed  by  fusing  in  a  small  blast  flame  and  the 
wire  is  then  fused  into  the  glass  for  a  distance  of  about  15  mm.  by  gradu- 
ally advancing  the  blast  flame  along  the  tube.  It  is  then  allowed  to  cool 
and  a  bulb  to  hold  2  to  3  cc.  is  blown  into  the  tube  20  or  25  cm.  away 
from  the  fused  end.  The  fused  end  is  now  ground  off  square  with  a 
grindstone  taking  care  to  keep  the  grindstone  moist.  The  coil  of  wire  is 
now  dissolved  out.  For  this  purpose  a  very  fine  capillary  pipette  is 
drawn  out  filled  with  nitric  acid  and  introduced  through  the  barometer 
tubing  clear  down  into  the  fused  portion,  so  that  the  acid  comes  into 
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contact  with  the  upper  end  of  the  wire.  The  whole  barometer  tube  is 
now  placed  in  a  test  tube  containing  concentrated  nitric  acid  5  or  6  cm. 
deep  so  that  the  wire  is  acted  on  by  nitric  acid  from  within  and  without 
the  barometer  tubing.  The  test  tube  is  now  placed  in  a  water  bath  and 
left  there  one  or  two  days,  after  which  the  wire  coil  will  be  found  to  have 
been  completely  dissolved  out  and  a  fine  capillary  bore  left  in  its 
place.  If  wire  of  no.  28  B.  and  S.  gauge  is  used  a  stalagmometer  which 
is  very  good  for  ordinary  purposes  may  be  prepared  discharging  9  to  60 
drops  per  minute.  If  wire  such  as  is  used  for  obturators  of  fine  hypo- 
dermic syringe  needles  is  used  a  very  fine  capillary  is  obtained  delivering 
one  drop  in  from  twenty  to  thirty-six  seconds.  Any  degree  of  frequency 
can  thus  be  obtained. 

An  experiment  for  training  students  in  the  technique  of  intravenous  and 

intraspiruil  injection.    Arthur  D.  Hirschfelder. 

A  human  upper  arm  and  forearm  is  obtained  from  the  dissecting 
room,  and  a  fiap  of  skin  dissected  back  for  a  distance  of  10  cm.  above  and 
10  cm.  below  the  elbow  ou  the  pronator  surface  of  the  arm.  An  artificial 
vein  is  formed  by  taking  a  segment  of  rabbit's  small  intestine  and  con- 
nected by  means  of  glass  and  rubber  tube  with  a  pressure  bottle  or  funnel 
filled  with  water  or  colored  fluid  at  an  elevation  of  about  20  cm.  above 
the  table.  The  distal  end  of  the  intestine  is  closed  off  with  a  clamp. 
The  filled  segment  of  intestine  is  now  introduced  under  the  skin  of  the 
arm  along  the  course  of  the  median  basilic  vein  and  the  skin  flap  is  re- 
placed and  held  in  place  with  clamps.  The  distended  segment  of  intes- 
tine presents  under  the  skin  in  much  the  same  appearance  and  position 
as  the  vein  in  man ;  and  the  student  can  now  practice  inserting  a  syringe 
needle  into  it,  drawing  up  the  '  'blood  "  and  injecting  any  desired  liquid 
into  the  "vein."  The  deeply  seated  veins  of  a  fat  individual  can  be 
simulated  by  interposing  a  thin  layer  of  fat  which  can  be  kept  in  alcohol 
in  a  specimen  jar.  A  sclerotic  vein  can  be  simulated  by  using  a  piece  of 
white  rubber  tubing  instead  of  the  rabbit's  intestine. 

Practice  in  intraspinal  injection  may  be  afforded  by  two  procedures. 
For  preliqiinary  practice,  the  spinal  column  of  a  human  skeleton  is 
articulated  upon  a  bent  brass  rod.  The  segments  may  be  held  in  place 
with  modeler's  clay  or  plasticin.  Modeler's  clay  is  now  placed  around 
one  side  of  the  vertebrae  to  simulate  the  tissues  of  the  back.  The  student 
can  now  learn  the  sensation  of  introducing  the  needle  between  the  bony 
structures  of  the  vertebrae  by  introducing  a  stiff  wire  into  the  spinal 
canal.  Having  acquired  the  desired  proficiency  he  can  then  practice 
upon  the  second  model.  This  consists  of  the  lumbar  and  sacral  por- 
tions of  a  huinan  trunk,  screwed  upright  upon  a  piece  of  inch  board 
which  is  just  large  enough  so  that,  when  in  use  it  can  be  clamped  to  the 
table,  and  when  not  in  use  the  whole  specimen  can  be  placed  in  a 
specimen  jar  filled  with  alcohol.  Upon  the  left  side  of  the  specimen 
the  muscles  and  fascia  are  dissected  off  along  the  spinal  column  so  as 
to  leave  only  the  interspinous  ligaments  in  place.  The  skin  is  left 
intact.     A  wedge  of  bone  is  sawed  out  along  the  anterior  aspect  of  the 
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centra  of  the  vertebrae,  ao  as  to  expose  the  spinal  canal.  The  student 
can  now  practice  inserting  the  needle.  He  can  observe  upon  the  dis- 
sected left  aide  exactly  the  bony  and  hgamentous  structures  through 
which  his  needle  is  passing  and  at  the  front  of  the  vertebrae  he  can  see 
exactly  how  and  where  his  needle  has  entered  the  spinal  canal  and  its 
exact  relation  to  the  spinal  cord  and  the  cauda  equina. 

The  proportionate  measurements  of  two  hundred  and  fifty  full  term  newborn 

infants.     R.  Taylor. 

The  results  of  the  comparative  measurements  of  250  normal,  full 
term,  newborn  infants  show  that  from  finger-tip  to  finger-tip  is  further 
than  from  crown  to  heel;  that  the  occipital  frontal  circumference  is 
barely  greater  than  the  sitting  height,  but  decidedly  out-measures  the 
chest  circumference;  that  the  trunk  length  is  greater  than  the  arm,  and 
the  latter  longer  than  the  leg. 

As  regards  individual  variations,  the  spread  of  the  arms  is  as  long  or 
*  longer  in  81  boys  and  82  girls,  65  per  cent  of  the  total.  The  head  circum- 
ference is  greater  than  the  chest  in  119  boys  and  120  girls;  the  trunk 
length  greater  than  the  arm  length  in  1 19  boys  and  123  girls,  and  greater 
than  the  leg  length  in  123  boys  and  124  girls.  The  arm  length  exceeded 
the  leg  length  in  111  boys  and  107  girls.  In  114  boys  the  mid  point 
of  the  body  lay  at  or  above  the  navel  and  below  in  11,  the  extreme 
figures  being  32  mm.  above  and  10  mm.  below.  It  was  at  or  above  the 
navel  in  100  girls  and  below  in  25.  They  showed  greatpr  variations,  the 
extremes  being  36  mm.  above  and  14  mm.  below.  The  proportionate 
lengths  of  trunk,  arms  and  legs,  the  proportionate  chest  and  leg  circum- 
ferences and  the  position  of  the  center  of  the  body  relative  to  the  navel 
are  diametrically  opposed  in  the  newborn  and  the  adult. 

Tfte  r6le  of  the  afferent  impulses  in  the  control  of  respiratory  movements. 

Helen  C.  Coombs  and  F.  H.  Pike. 

To  an  earlier  statement'  and  our  statement  of  last  year  on  section  of 
the  dorsal  roots  of  the  spinal  nerves'  we  now  wish  to  add  certain  other 
facts. 

Cats  were  used  in  our  experiments.  Ether  and  tracheotomy  were 
routine  procedures.  A  control  tracing  of  both  costal  and  abdominal 
respiration  was  taken  by  means  of  Crile  stethographs  attached  to  Verdin 
tambours.     The  subsequent  procedure  was  varied.     Our  findings  are: 

1,  Section  of  the  vagi  alone  produces  a  slow,  deep  type  of  respiration 
which  has  often  been  noted. 

2.  Section  of  the  dorsal  roots  of  the  thoracic  and  cervical  nerves 
n'sults  in  a  diminution  or  cessation  of  costal  respiration.  The  effect 
of  section  of  both  thoracic  and  cervical  nerves  is  a  more  marked  diminu- 
tion of  costal  respiration  than  after  section  of  the  thoracic  roots  alone. 
Abdominal  respiration  remains  unchanged  after  section  of  the  thoracic 
roots  and  there  is  no  marked  alteration  in  the  respiratory  rate. 
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3.  Section  of  the  brain  stem  below  the  anterior  corpora  quadrigemina 
results  in  an  abnormal  form  of  respiration.  It  becomes  labored,  with 
respiratory  gasps  initiated  by  the  diaphragm.  This  type  of  respiration 
resembles  that  which  prevails  after  anaemia  of  the  brain  during  the 
period  of  resuscitation  before  the  afferent  impulses  become  effective.' 

4.  Section  of  the  vagi,  followed  by  section  of  the  dorsal  roots  pro- 
duces, (1)  a  slowing  of  the  respiratory  rate,  and  (2)  a  diminution  of 
costal  respiration  with  dyspnea  ensuing  in  from  three  to  five  minutes. 
This  may  be  more  or  less  severe,  depending  on  the  location  and  magni- 
tude of  the  sections  of  the  dorsal  roots.  Such  respiration  lasts  for  from 
fifteen  minutes  to  an  hour,  gradually  fading  out  with  no  terminal  gasps. 
In  its  later  stages  it  resembles  respiration  after  section  of  the  posterior 
corpora  quadrigemina  and  vagi. 

5.  Section  of  the  dorsal  roots  followed  by  section  of  the  vagi  produces 
(1)  diminution  of  costal  respiration,  (2)  a  slowing  of  the  respiratory  rate 
with  a  return  of  costal  respiration.  This  nearly  normal'type  becomes 
dyspneic  in  the  course  of  time,  and  gradually  fades  out,  as  when  the 
procedure  is  reversed. 

6.  Section  of  the  posterior  corpora  quadrigemina,  followed  by  section 
of  the  vagi,  results  in  dyspneic  respiration  which  fades  out  much  more 
rapidly  than  when  the  vagi  are  intact. 

7.  Section  of  the  dorsal  spinal  roots  after  section  of  the  corpora  quad- 
.  rigemina  produces  no  more  severe  effect  than  section  of  the  corpora 

quadrigemina  alone.  That  the  effects  of  transection  below  the  posterior 
corpor.i  quadrigemina  are  not  due  to  trauma  or  shock  from  stimulation 
of  efferent  inhibitory  fibers  follows  from  the  fact  that  essentially  the 
same  picture  results  from  nerve  section  alone. 

8.  Section  of  the  dorsal  spinal  roots  followed  by  section  of  the  phrenics 
results  in  (1)  diminution  of  costal  respiration  and  (2)  return  of  costal 
respiration  when  the  diaphragmatic  is  put  out  of  commission.  If  the 
vagi  are  then  sectioned  there  is  a  total  failure  of  respiration  coming  on 
in  a  shorter  time  than  when  the  phrenics  are  intact. 

Parallel  determination  of  amylase  and  dexlrose-glycogen  of  the  blood,  liver 
and  kidney  after  feeding.     E.  E.  Brown  and  C.  W.  Greene. 
Sets  of  animals  have  been  prepared  and  fed  meals  consisting  pri- 
marily of  carbohydrates,  carbohydrates  and  fat,  carbohydrates  and  pro- 
tein, and  protein  (lean  meat). 

The  bk  od,  liver,  kidney  and  muscle  of  these  animals  have  been  exam- 
ined for  carbohydrates  by  the  Lewis-Benedict  method  and  for  amylase 
by  the  Meyers-Killian  method.  The  animals  were  killed  at  intervals 
during  the  digestion  and  absorption  of  the  test  meal.  The  blood  and 
tissue  curves  in  the  sets  of  animals  showed  the  following:  The  curves  of 
variation  in  sugar  content  after  any  meal  containing  carbohydrate  in- 
creases to  the  eighth  to  twelfth  hour  of  absorption  then  gradually  de- 
cl.ncs  to  the  normal.     This  curve  is  closely  followed  by  the  curves  of 

'Stewart  add  Pike:  This  Journal,  1007,  xix,  328. 
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variation  in  enzyme  content  though  the  enzyme  does  not  vary  to  so 
great  a  percentage  amount.  A  meal  of  pure  protein  gives  only  a  shght 
rise  in  carbohydrate  content  of  the  tissues  examined.  The  amylase 
content  of  the  liver  after  protein  is  not  increased  more  than  usual  but 
the  blood  and  the  muscle  both  show  a  sharp  increase.  The  liver  shows 
the  greatest  increase  in  sugar  during  the  cycle  of  carbohydrate  absorp- 
tion, it  also  exhibited  the  greatest  augmentation  of  enzyme.  The  blood 
and  the  kidney  present  curves  of  slighter  variation  but  of  very  constant 
character.  No  attempt  has  been  made  to  determine  the  source  of  the 
enzyme  observed. 

Brain  changes  associated  with  pernicious  anemt'a.    Henrv  W.  Walthann. 

While  it  has  long  been  known  that  certain  symptoms,  such  as  numb- 
ness and  prickling  of  the  fingers  and  toes,  ataxia,  bladder  disturbances, 
etc.,  referable  to  involvement  of  the  central  nervous  system,  may  arise 
in  the  course  of  a  pernicious  anemia,  it  does  not  appear  to  be  generally 
recognized,  even  yet,  how  constant  these  findings  really  are.  Though 
Nonne,  Minnich,  and  others  who  described  the  spinal  cord  changes 
present  in  this  disease,  could  see  no  reason  why  these  same  alterations 
did  not  take  place  in  the  brain,  it  was  not  until  1913  and  1916  that 
Barrett  described  alterations  in  the  brain  analogous  to  the  Lichtheim 
foci  present  in  the  cord.  In  addition  to  these  foci,  which  are  very  char- 
acteristic, there  is  present  in  the  brain  also  a  diffuse  parenchymatous 
degeneration  of  the  medullary  substance. 

Many  of  these  degenerative  changes  are  intimately  associated  with  the 
blood  vessels,  in  the  so-called  peri-vascular  space  of  which  one  often 
sees  a  hyalin-like  material,  probably  containing  a  toxin,  which  extends 
into  the  areas  occupied  by  the  disintegrating  white  fibers.  This  would 
indicate  that  lymph  stasis  is  an  important  factor  in  the  mechanism  of 
this  destruction.  The  gray  matter,  particularly  that  of  the  convolu- 
tions, shows  some  pathological  changes  which  also  tend  to  support  this 
view.  Surrounding  the  pyramidal  cells,  one  often  notes  a  circular  area 
of  degeneration,  the  pyramids  themselves  showing  all  states  of  disin- 
tegration. It  is  possible  that  toxins  present  in  Obersteiner's  so-called 
pericellar  space  are  responsible  for  this  picture. 

In  conclusion,  we  might  state  that  Lichtheim  placques,  analogous  to 
those  occurring  in  the  spinal  cord,  are  present  in  the  cortex  also,  as 
Barri'tt  r.'port.'d. 

Though  only  seven  brains  and  cords  were  studied  in  this  series,  it 
would  appear  tliat  these  changes  are  present  in  the  cortex  in  just  as 
great  a  proportion  <,f  cases  as  appear  in  examinations  of  the  cord,  and 
that  those  who  show  a  well  marked  subacute  combined  sclerosis  of  the 
cord  are  also  the  ones  in  whom  these  changes  can  be  demonstrated  in 
the  cortex, 

Rolativp  f«  the  mental  disturbances  associated  with  pernicious  anemia 
it  is  gonprally  recognized  that  well  defined  types  of  psychoses,  such  as 
mtnic-depro.'wive  insanity  may  occur  in  pernicious  anemia  patients 
which  l>ear  no  relation  whatever  to  this  disease.     The  lesser  disturb- 
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ances,  such  as  irritability,  somnolence,  apathy,  etc.,  may,  however,  be 
based,  at  least  in  part,  upon  the  pathological  lesions  found  in  the  cortex. 

A  study  of  the  comparative  anatomy  of  the  biliary  tract  and  the  sphincter 

of  Oddi  with  special  reference  to  animals  without  a  gallbladder.     F.  C. 

Mann, 

The  results  of  a  previous  research'  performed  at  the  suggestion  of  E,  S. 
Judd,  proved  that  definite  changes  were  produced  by  removal  of  the 
gallbladder  in  dogs,  cats  and  goats.  These  changes  consisted  in  dilata- 
tion of  all  the  extra-hepatic  duets,  including  the  cystic  duct  when  it  was 
present.  The  results  of  other  experiments  seemed  to  show  that  this 
dilatation  was  due  to  the  activity  of  the  sphincter  of  Oddi. 

The  purpose  of  the  present  research  was  to  determine,  if  possible,  how 
animals  without  a  gallbladder  compensated  for  the  lack  of  it.  Several 
species,  some  with  and  others  without,  a  gallbladder,  were  included  in 
this  study. 

The  following  factors  were  investigated : 

1.  The  diameter  of  the  common  duct, 

2.  The  length  of  the  common  duct. 

3.  The  point  of  entrance  of  the  common  duct  into  the  duodenum. 

4.  Secretory  pressure  of  the  liver. 

5.  Tone  of  the  sphincter  of  Oddi, 

6.  Histologj'  of  the  sphincter  of  Oddi. 

7.  The  walls  of  the  common  duct. 

Of  these  the  only  points  of  difference  noted  so  far  were  in  the  tone  of 
the  sphincter  of  Oddi  and  the  thickness  of  the  walls  of  the  duct.  In  the 
animals  without  a  gallbladder  which  have  been  investigated  so  far  there 
does  not  seem  to  be  very  much  tone  in  the  sphincter  of  Oddi,  and  the 
walls  of  the  duct  seem  thicker  and  stronger  in  these  animals.  The 
work  is  far  from  being  completed. 

Some  further  notes  on  the  detoxification  of  potassium  chloride  in  the  guinea 

pig.    S.  Amberg  and  H.  F,  Helmholz. 

After  expressing  the  urine  contained  in  the  bladder  guinea  pigs  of 
about  200  gram  weight  received  intravenous  injections  of  2  and  3  cc.  of 
a  solution  containing  5  per  cent  NaCl  and  1.5  per  cent  KCI.  Ten 
minutes  after  the  injection  only  about  0.1  to  0,2  cc.  of  urine  could  be 
expressed  from  the  bladder.  The  detoxifying  action  of  the  NaCl  cannot 
be  due  to  a  hastening  of  the  excretion  of  KCS.  Previously  reported 
experiments  showed  that  injections  of  5  cc.  5  per  cent  NaCt  protected 
guinea  pigs  against  2  or  3  cc.  1.5  per  cent  KCI  injected  immediately 
afterwards,  while  0.55  per  cent  NaCI  did  not  protect.  The  possibility 
had  to  be  considered  that  the  injection  of  5  per  cent  NaCl  diluted 
the  blood  much  more  than  0.55  per  cent  NaCl.  Haemc^lobin  deter- 
minations (Fleischl-Miescher)  of  the  blood  of  guinea  pigs  were  made 
before  and  after  the  injection  of  5  cc.  5  per  cent  and  5  cc,  0.55  per  cent 
NaCl.     No  marked  differences  were  found  in  the  effect  of  the  5  per  cent 

'  Judd  EDd  Mann:  Surg.,  Gynec.  aod  Obat.,  1917,  xxiv,  437. 
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and  the  0.55  per  cent  NaCI  solution.  The  protective  action  of  the  5 
per  cent  NaCI  solution  therefore  cannot  be  ascribed  to  a  greater  dilu- 
tion of  the  blood.  Guinea  pigs  of  about  200  grams  survive  readily  the 
intravenous  injection  of  2  cc.  of  a  solution  containing  50  per  cent  glucose 
and  1.5  per  cent  KCI.  An  intravenous  injection  of  2  cc.  50  per  cent 
glucose  leads  to  a  more  marked  dilution  of  the  blood  than  that  of  5  cc. 
of  the  NaCI  solutions.  After  such  an  injection  the  ear  vessels  are 
markedly  dilated. 

Development  of  certain  types  of  malignant  tumors  of  the  thyroid.    Louis 

R.  Wilson. 

The  writer  has  in  progress  a  pathological  review  of  malignant  tumors 
of  the  thyroid  in  man.  These,  while  not  of  frequent  occurrence  are 
found  to  be  much  more  frequent  than  is  ordinarily  supposed.  They  are 
often  overlooked,  especially  in  their  early  stages  by  clinicians,  surgeons 
and  pathologists,  since  many  of  the  malignant  types  closely  resemble 
both  grossly  and  microscopically  benign  adenomas  of  "fetal"  type. 
Both  benign  and  malignant  adenomas  apparently  have  their  origin  in 
embryonic  tissue  which  at  first  consists  of  relatively  small  cells  with  in- 
distinct outlines  and  relatively  large,  round  or  slightly  oval,  densely 
staining  nuclei.  These  cells  are  irregularly  arranged  and  are  separated 
only  by  scarcely  discernible  septa  which  consist  essentially  of  thin- 
walled,  flattened  blood  vessels.  In  the  second  stage  the  cells  are  ar- 
ranged in  cordon-like  masses  or  long  band-like  platelets  between  which 
are  the  same  "sinusoid"  vessels.  In  the  third  stage  the  cordons  or 
platelets  are  broken  into  roundish  masses  with  the  beginning  formation 
of  acini  some  of  which  may  contain  colloid.  This  stage  is  apparently 
the  most  critical.  If  the  acini  become  well  developed  the  tumor  is  apt 
to  remain  benign.  If  the  acini  are  irregularly  or  imperfectly  developed 
the  tumor  is  apparently  more  apt  to  become  malignant,  if  it  is  not  al- 
ready such. 

A  careful  study  of  the  histology  of  supposedly  benign  encapsulated 
thyroid  tumors  removed  at  operation  in  relation  to  these  stages  of 
development  is  important  for  the  early  diagnosis  of  malignant  conditions. 

Blood  regeneration  after  simple  arMemia.  I.  Ciirt-e  of  regeneration 
infltienced  by  dietary  factors.  C.  W.  Hooper  and  O.  H.  Whipple. 
In  previous  publications  we  have  shown  that  the  bile  pigment  secre- 
tion can  be  influenced  at  will  by  modification  of  the  diet.  We  have 
shown  that  the  curve  of  bile  pigment  secretion  can  be  depressed  below 
normal  by  a  meat  diet  and  can  be  raised  much  above  normal  by  a  diet 
rich  in  carbohydrates.  A  mixed  diet  in  a  healthy  bile  fistula  dog  is 
associated  with  a  fairly  constant  mean  bile  pigment  elimination.  From 
the  results  of  these  experiments  we  have  assumed  that  the  liver  may  have 
a  constructive  ability  in  bile  pigment  formation  which  can  be  modified 
by  diet,  as  well  as  the  accepted  eliminative  function,  which  depends 
upon  the  destruction  of  red  blood  cells  containing  hemoglobin,  t'urther- 
more,  we  have  considered  the  possibility  that  the  liver  may  be  concerned 
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in  the  formation  of  other  body  pigments  than  bilirubin;  for  example, 
hemoglobin. 

At  the  present  time  we  have  very  good  evidence  that  blood  regenera- 
tion, after  simple  anaemia  of  definite  grade,  can  also  be  infiuenced  at  will 
by  various  dietary  factors.  The  curve  of  blood  regeneration  on  a  meat 
diet  is  very  rapid,  a  matter  of  days  or  a  few  weeks,  while  the  curve  of 
regeneration  on  a  diet  rich  in  carbohydrates  is  very  alow,  in  some  of  the 
animals  on  a  diet  of  bread  and  milk  it  has  required  months  for  complete 
blood  regeneration. 

Dogs  of  the  bull  mongrel  type  were  used  in  all  of  our  experiments. 
The  following  blood  studies  were  carefully  made  a  day  before  bleeding 
and  at  intervals  varying  from  four  days  to  a  week  after  bleeding  until 
complete  blood  regeneration  had  taken  place.  The  hemoglobin  was 
estimated  according  to  the  Sahli  method.  The  blood  was  allowed  to 
remain  in  contact  with  the  re  hydrochloric  acid  exactly  five  minutes 
before  diluting  in  order  to  insure  accurate  and  comparable  readings. 
The  red  blood  cells  and  white  blood  cells  were  coimted.    The  blood 

Glatelets  were  counted  by  the  Ottenberg  and  Rosenthal  method.  Bril- 
ant  cresyl  blue  (dilution  1  to  300)  was  used  for  eounting  the  reticulated 
red  blood  cells.  Janus  green  (dilution  1  to  10,000)  was  employed  to 
estimate  the  number  of  red  blood  cells  containing  mitochondria. 
Hematocrit  readings  of  the  percentage  of  blood  corpuscles  were  made 
after  centrifugation  in  graduated  tubes  for  3000  revolutions  per  minute 
for  thirty  minutes.  The  plasma  volume  was  estimated  by  the  intro- 
duction directly  into  the  circulation  of  a  non-toxic,  slowly  absorbable 
dye  furnished  by  Dr.  H.  M.  Evans.  The  dye  was  allowed  to  remain  in 
the  plasma  long  enough  for  thorough  mixing  and  its  concentration  was 
determined  colorimctrically  by  comparison  with  a  suitable  standard 
mixture  of  dye  and  plasma.  The  total  blood  volume  was  calculated 
from  the  plasma  volume  on  the  basis  of  the  hematocrit  readings.  The 
principle  of  this  method  is  similar  to  the  Keith,  Rowntree  and  Geraghty 
method  for  the  determination  of  plasma  and  blood  volimie.  The 
routine  blood  studies  were  always  made  before  beginning  an  experiment. 
The  animals  were  then  placed  on  a  bread  and  milk  diet  and  on  each  of 
the  following  two  days  one-fourth  of  the  calculated  total  amount  of 
blood  was  aspirated  from  one  of  the  jugular  veins.  The  animals  were 
then  allowed  to  rest  a  day,  and  on  the  following  day  the  routine  blood 
■  studies  were  again  made.  Generally,  the  percentage  of  hemoglobin 
and  the  number  of  red  blood  cells  were  approximately  one-half  the  nor- 
mal. On  this  day  the  animals  were  placed  upon  the  specified  diets. 
Special  care  was  taken  in  each  case  to  give  a  diet  containing  a  sufficient 
number  of  calories  and  amount  of  nitrogen  to  assure  a  positive  nitrogen 
balance.     The  animals  usually  gained  in  weight. 

The  curve  of  blood  regeneration  on  a  diet  consisting  of  lean  scrap 
meat  or  beef  heart  was  very  rapid.  Out  of  eleven  dogs,  ten  showed 
complete  blood  regeneration  in  from  two  to  four  weeks.  Usually  the 
hemoglobin  and  red  blood  cells  regenerated  with  equal  rapidity.  Several 
splcncctomizcd  animals  made  anaemic  and  placed  on  lean  meat  diets 
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r^enerated  as  rapidly  aa  normal  aaimala.  One  bile  fistula  dog  fed  on  a 
beef  heart  diet  showed  complete  blood  regeneration  in  three  weeks. 

In  the  next  scries  of  experiments  we  studied  the  curve  of  blood  regen- 
eration on  diets  rich  in  carbohydrates.  The  first  group  of  dogs  w&s  fed 
a  diet  consisting  of  white  bread  and  milk;  the  second  group  a  diet  of 
cracker  meal,  lard  and  butter;  the  third  a  diet  of  white  bread,  lard  and 
butter.  The  curve  of  blood  regeneration  on  each  of  these  diets  was  very 
alow,  requiring  from  four  weeks  to  five  months  for  complete  blood 
regeneration. 

In  some  of  the  animals,  ejipecially  those  on  a  bread  and  milk  diet, 
the  curve  aspcnded  slowly  for  a  short  initial  period  of  a  few  weeks,  when 
the  animals  lost  weight,  the  hemoRlobin  felt  and  the  anaemia  progressed 
until  they  were  placed  on  a  meat  or  mixed  diet.  In  some  instances,  the 
number  of  red  blood  cells  increased  very  rapidly  and  within  three  or  four 
weeks  after  the  initial  bleedings  the  total  number  of  red  cells  was  even 
greater  than  at  the  beginning  of  the  experiment.  However,  the  cells 
were  small  and  fragmented.  The  percentage  of  red  blood  cells  as  in- 
dicated by  the  hematocrit  readings  was  the  same  as  on  the  days  imme- 
diately following  the  initial  bleedings.  In  other  words,  the  increase  in 
red  cells  was  only  relative,  due  to  the  development  of  small  and 
fragmented  forms. 

Simple  bile  fistula  dogs  made  anaemic  and  placed  upon  a  bread  and 
milk  diet  reacted  the  same  as  the  normal  dogs. 

However,  splenectomized  dogs  made  anaemic  and  fed  a  bread  and 
milk  diet  or  a  diet  consisting  of  cracker  meal,  lard  and  butter,  generally 
regenerated  slowly  for  a  period  of  from  four  to  seven  weeks  when  a  sud- 
den reoidivation  developed  resulting  in  death  within  a  very  few  days. 
In  some  cases  the  hemoglobin  fell  from  95  per  cent  to  24  per  cent,  the 
red  blood  cell  count  from  six  million  to  one  million  within  a  week  with- 
out jaundire.  Furthermore,  there  was  always  a  Icucocytosis  and  a 
diminution  in  the  total  blood  volume.  The  anaemia  was  usually  of 
secondary  type  in  the  animals  that  retained  their  appetites  and  usually 
of  primary  type  in  those  that  refused  to  eat.  This  latent  anaemia 
period  was  always  accompanied  by  an  intense  urobihnaemia  without 
a  noticeable  rise  in  the  bilirubin  content  of  either  the  blood  plasma  or 
urine. 

The  curve  of  blood  regeneration  on  a  mixed  diet  consisting  of  meat, 
bread  and  milk,  or  meat,  cracker  meal,  lard  and  butter  was  quite  rapid, 
usually  resulting  in  complete  blood  regeneration  in  from  three  to  five 
weeks.  Splenectomized  dogs  reacted  on  this  diet  as  rapidly  as  the  nor- 
mal animals.  One  simple  bile  fistula  dog  made  anaemic  and  fed  a 
mixed  diet  recovered  completely  in  three  and  a  half  weeks. 

Iron  in  the  form  of  Ulaud's  pills,  administered  daily  during  the  anae- 
mia period  had  no  appreciable  effect  on  the  curve  of  bloml  regeneration 
in  any  of  our  experiments. 
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Blood    regeneration   after   simple   anaemia.    II.  Curve  of  regeneration 

influenced  by  starvation,  sugar,  amino  acids  and  other  factors.    G.  H. 

Whipple  andC.  W.  Hooper, 

Thise  experiments  were  performed  under  conditions  described  in  the 
preceding  communication.  The  dogs  were  kept  in  metabohsm  cages, 
food  and  water  being  given  by  stomach  tube  every  twenty-four  hours 
after  catheterization.    The  urine  was  analyzed  for  total  nitrogen.  ■ 

Starvation.  A  curve  of  blood  regeneration  may  be  formed  by  mul- 
tiplying blood  volume  by  the  hemoglobin  percentage.  This  curve 
of  pigment  volume  will  show  a  drop  to  about  one-third  normal  after  the 
unit  bleeding.  During  the  first  week  of  repair  there  will  be  usually  a 
smail  but  definite  rise  in  the  curve — perhaps  a  rise  of  10  per  cent.  The 
following  weeks  (3  to  4)  will  usually  show  a  slow  but  steady  rise  of  5  to 
20  per  cent  of  the  total  pigment  volume.  This  reaction  may  be  ob- 
served in  normal  dogs,  bile  fistula  dogs  or  splenectoraized  dogs,  and  we 
have  no  evidence  of  any  marked  differences  in  blood  regeneration  under 
these  experimental  conditions.  It  is  interesting  to  note  the  same  speed 
of  blood  pigment  regeneration  in  a  bile  fistula  dog  with  bile  pigment  ex- 
cluded from  the  intestine,  proving  conclusively  that  the  body  docs  not 
rely  on  absorption  of  any  pigment  substance  from  the  intestine  (bile 
pigment,  urobilin  or  urobilinogen). 

Sugar  feeding.  The  experiments  are  in  every  way  similar  to  those 
just  described  but  for  a  definite  amount  of  cane  sugar  or  glucose  or  a 
mixture  of  the  two  sugars  (60  to  125  grams)  dissolved  in  a  uniform 
amount  of  water  and  given  by  stomach  tube.  The  curve  of  pigment 
volume  or  blood  pigment  regeneration  may  be  followed  each  week  as 
before  and  will  show  some  differences  from  the  starvation  curve.  We 
note  the  same  definite  rise  during  the  first  few  days  or  first  week — a  rise 
of  10  per  cent  of  the  original  pigment  volume,  but  this  is  usually  fol- 
lowed by  a  fall  of  2  to  5  per  cent  during  the  second  week  and  minor 
fluctuations  after  this  for  the  usual  period  of  three  to  four  weeks.  In 
other  words,  after  the  initial  rise  in  the  first  week,  the  dogs  fed  on  sugar 
show  no  gain  in  blood  pigment  and  often  a  slight  loss  in  contrast  to  the 
starvation  experiments  which  show  a  small  but  definite  gain. 

It  is  to  be  noted  that  the  protein  decomposition  in  the  body  as  indi- 
cated by  the  urinary  nitrogen  elimination  is  much  less  in  the  dogs  fed  on 
sugar  than  in  the  starved  dogs.  Both  groups  of  dogs  are  receiving  no 
nitrogen  by  mouth  and  yet  they  are  able  to  form  hemoglobin  and  red 
corpuscles  during  this  interval.  How  much  new  red  blood  cell  con- 
struction is  going  on  during  these  periods  we  cannot  say,  but  surely 
there  is  some  disintegration  of  red  cells  to  be  made  up  and  the  curve  of 
pigment  volume  shows  a  definite  rise,  more  pronounced  in  the  starving 
dogs  which  of  necessity  are  excreting  more  nitrogen  and  breaking  down 
more  body  protein.  We  are  forced  to  the  conclusion  that  the  body  con- 
serves certain  substances  from  this  body  protein  autolysis  and  uses  them 
over  again  to  construct  red  cells.  We  have  evidence  that  a  part  of  this 
conservation  is  due  to  liver  activity.  There  is  no  evidence  for  increased 
protein  katabotism. 
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The  ioitial  rise  in  the  pigment  curve  during  the  first  week  is  not  easy 
to  explain,  but  we  have  assumed  that  the  body  has  stored  in  reserve 
certain  necessary  substances  which  sre  used  in  this  emergency  to  form 
new  red  cells,  but  this  reserve  is  rapidly  depleted  and  we  have  experi- 
ments to  show  that  the  red  cells  formed  in  such  emergencies  may  not 
measure  up  to  the  usual  standard  and  may  fail  the  body  in  service. 

Gliadin  feeding  influences  the  curve  of  pigment  regeneration  no  more 
than  sugar  feeding,  and  is  associated  with  only  minor  fluctuations  in  the 
pigment  volume.  Four  or  five  weeks  of  gliadin  feeding  may  show  the 
pigment  volume  at  the  same  level  as  at  the  start. 

Hemoglobin  (dried  washed  red  cells,  10  grams  per  day)  added  to  a 
sugar  diet  will  cause  a  definite  rise  in  the  curve  of  pigment  regeneration, 
but  the  same  amount  of  dried  meat  protein  might  give  a  similar 
reaction. 

Gelatin  feeding  has  a  striking  influence  upon  the  curve  of  pigment 
regeneration  and  red  cell  formation.  Gelatin  added  to  a  sugar  diet  will 
usually  cause  a  sharp  rise  in  the  curve  of  pigment  regeneration.  This 
rise  is  not  as  marked  as  after  meat  feeding.  It  usually  reashes  its  maxi- 
mum after  two  to  four  weeks,  and  then  may  show  a  (all  coincident  with 
malnutrition  which  may  develop  after  prolonged  gelatin  feeding.  Gela- 
tin combined  with  cracker  meal  and  lard  may  show  a  complete  regen- 
eration to  normal  within  three  weeks.  This  may  be  followed  by  a  fall 
below  normal  if  the  diet  is  continued  several  weeks. 

Through  the  cooperation  of  Doctor  Van  Slykc,  Doctor  Rohde  and 
Miss  Fosterwe  have  been  able  to  show  that  the  monoamino  acid  fraction 
of  gelatin  hydrolysis  can  influence  in  a  striking  manner  the  curve  of  pig- 
ment regeneration — almost  as  efliciently  as  whole  gelatin.  However, 
the  diamine  acid  fraction  of  gelatin  has  a  similar  effect,  but  little  less 
marked.  Histidine  (1.5  gram  per  day)  combined  with  a  sugar  diet  has 
no  notable  influence  on  the  curve  of  regeneration — perhaps  a  trivial 
increase.  We  can  submit  no  evidence  that  any  single  amino  acid  or 
group  of  amino  acids  is  the  single  essential  factor  in  this  reaction  which 
determines  the  curve  of  pig^nent  construction  and  regeneration  of  the 
red  ceils.  It  seems  very  probable  that  several  diet  factors  are  con- 
cerned— as  well  as  body  conservation  of  certain  elements  of  protein 
katabolism.  It  is  suggestive  that  a  meat  diet  gives  a  maximum  hemo- 
globin production  and  a  minimum  bile  pigment  secretion  in  the  same 
bile  fistula  dog.  Also,  a  bread  and  milk  diet  gives  a  minimum  hemo- 
globin production  and  a  maximum  secretion  of  bile  pigment  in  a  bile 
fistula  dog.  It  is  possible  that  some  substance  in  the  meat  enables  the 
body  to  conserve  or  fix  and  reconstruct  certain  su Instances  resulting  from 
tissue  katabolism.  The  amount  of  body  protein  autolysis  or  katabolism 
certainly  is  an  important  factor.  There  is  a  constant  wastage  of  pigment 
substance  (bile  pigment)  and  a  uniform  construction  of  pigment  sub- 
stance in  the  body  even  during  starvation.  The  products  ofprotein 
katabolism  in  the  body  as  well  as  dietary  factors  contribute  to  the  steady 
construction  of  body  pigment,  especially  hemoglobin. 
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Changes  iv  reflex  Ikreskolds  foUowing  shock  from  manipulation  of  the 

intestines.    Eugene  L.  Pohteh. 

Shock  was  produced  in  spinal  cats  by  exposing  and  manipulating  the 
intestines.  In  about  50  per  cent  of  the  animals  the  threshold  of  the 
flexion  reflex  was  raised  by  this  procedure  in  from  one  to  five  minutes. 
In  the  remaining  animals  no  change  could  be  detecte<l.  Commonly 
the  new  threshold  was  30  per  cent  to  50  per  cent  higher  than  the 
original;  the  maximum  observed  was  a  100  per  cent  increase.  The  high 
threshold  was  maintained  as  long  as  manipulation  continued  (ten  to 
forty  minutes).  Upon  returning  the  intestines  to  the  abdominal 
cavity  the  threshold  usually  dropped,  within  about  ten  minutes, 
nearly  or  quite  to  its  original  level.  In  some  cases  it  was  possible  to 
repeat  the  experiment  on  the  same  animal.  There  was  no  parallelism 
between  the  changes  in  reflex  threshold  and  changes  in  blood  pressure. 

Note  in  regard  to  the  amount  of  sugar  normally   in  the  blood  of  cats. 

Ernest  L.  Scott. 

In  1914  the  author  pubhshcd  a  fairly  extended  account  of  the  amount 
of  sugar  to  be  found  in  the  blood  of  the  domestic  cat  under  ordinary 
laboratory  conditions.  At  that  time  comparisons  were  based  upon  the 
average  obtained  from  twenty-four  cats  which  were  prepared  in  a  man- 
ner carefully  described.  Animals  so  prepared  and  killed  by  decapita- 
tion were  found  to  vary  but  little  from  this  average  which  was  0.069 
gram  of  sugar  per  100  grams  of  blood. 

Since  that  time  numerous  determinations  of  glucose  in  the  blood  of 
cats  which  were  prepared  in  a  manner  essentially  similar  to  that  adopted 
for  the  standard  animals  in  the  above  series  have  been  made. 

In  all,  determinations  upon  something  over  one  hundred  such  animals 
have  now  been  made  and  wliilo  there  is  a  slightly  greater  range  of  varia- 
tion, the  average  for  the  longer  scries  remains  at  the  same  place,  0.069, 

On  the  comparative  absorptive  power  for  drugs  of  the  bladder  and  urethra 

(male).     DAvrn  I.  Macht. 

In  other  communications  dealing  with  the  absorption  of  drugs  from 
the  conjunctiva'  and  from  the  vagina,'  published  elsewhere,  the  author 
called  attention  to  the  fact  that  apomorphin,  by  virtue  of  its  being  a 
centrally  acting  emetic,  furnishes  a  convenient  means  of  demonstrating 
absorption  of  drugs  through  unusual  channels.  If  a  1  per  cent  solution 
of  apomorphin  hydrochloride  is  introduced  into  the  bladder  of  a  male 
dog  through  a  hard  catheter,  the  latter  instrument  being  allowed  to  re- 
main in  place,  the  solution  remains  in  the  bladder  and  owing  to  the 
powerful  spasmodic  contraction  of  the  urethral  sphincter  in  the  male 
dog,  practically  none  of  the  drug  gets  into  the  urethra.  Under  these 
circumstances  vomiting  does  not  occur  sooner  than  half  an  hour  after 
the  mtroduction  of  the  poison  and  sometimes  after  the  lapse  of  an  hour 
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or  more,  and  very  oft^n  not  at  all  unless  the  catheter  l>e  removed.  If, 
on  the  other  hand,  the  urethra  of  the  same  doR,  on  another  day,  be 
irrigated  with  the  same  solution  or  even  weaker  solutions  of  apomor- 
ntiin,  care  BeinR  taken  not  to  inject  the  dnin  into  the  bladder  but  to 
confine  the  imKation  only  to  the  urethra  and  allow  the  fluid  to  run  back, 
vomiting  is  produced  in  every  case  in  from  three  to  five  minutes.  Inas- 
much as  vomiting  is  produced  in  dt^s  almost  as  efficiently  by  means  of 
morphin  as  with  apomorphin,  the  same  results  can  be  obtained  by  using 
tha'  alkaloid.  Even  strong  solutions  of  morphin  confined  to  the  bladder 
produce  either  no  vomiting  at  all  or  only  after  the  lapse  of  a  considerable 
period  of  time  (half  an  hour  to  one  hour).  On  the  other  hand,  the 
introduction  of  a  little  morphin  solution  into  the  urethra  is  followed  in 
the  dog  by  vomiting  in  a  few  minutes.  The  remarkable  difference  in  the 
absorptive  power  between  the  urethra  and  the  bladder  noted  after  mor- 
phin and  apomorphin,  holds  good  for  a  large  number  of  other  drugs  and 
poisons.  The  author  has  studied  in  this  connection  the  effect  of  various 
alkaloids,  a  number  of  antiseptics,  some  local  anesthetics  and  a  number 
of  salts.  The  complete  account  of  the  investigation  will  be  published 
in  due  time  in  the  Journal  of  Urology.  It  may  be  stated  in  this  place 
that  an  inquiry  into  the  absorptive  power  of  the  ureters  is  also  under 
investigation  by  the  author. 

A  gradient  of  metabolism  in  the  intestinal  muscle.    Walter  0.  Alvarez. 

There  is  a  gradient  in  rhythmicity  from  the  duodenum  to  the  ileum, 
the  rates,  in  the  rabbit's  intestine,  varying  from  15.3  per  minute  near 
the  pylorus  to  10.5  perminut*  near  the  cecum.  There  are  also  gradients 
of  irritability  and  latent  period.  In  the  dog,  the  duodenal  muscle 
responds  to  a  strong  stimulus  after  0.13  seconds,  the  ileum  after  0.22 
Hcronds. 

The  best  explanation  for  these  differences  is  that  there  is  an  under- 
lying gradient  of  metabolism.  Child  has  shown  that  the  regions  with 
high  rates  of  metabolism  and  faster  oxidation  suffer  more  from  the  ac- 
tion of  weak  solutions  of  KCN  than  do  the  regions  with  slower  rates. 
Thus  in  the  C'tenophore  mnemiopsis  there  is  a  gradient  of  susceptibility 
to  KCN  in  the  conducting  paths  along  the  rows  of  swimming  plates. 
The  paee-makcr  region  suffers  so  much  more  than  the  others  do  that  the 
impulse  may  at  times  be  even  reversed. 

I  have  caused  five  segments  from  different  parts  of  the  intestine  to 
beat  rhythmically  in  the  same  beaker  of  Ixjcke'a  solution.  The  addi- 
tion of  1  part  of  KCN  to  1,300,000  parts  of  the  solution  caused  a  marked 
loss  of  tone  and  rhythmicity  in  the  duodenum  and  jejunum,  while  the 
ileum  and  colon  were  much  less  affected.  Some  seventy-five  dmgs 
have  I)een  tried  out,  and. several  show  similar  differences  in  their  action' 
on  <iifferent  parts  of  the  gut. 

Simply  shutting  off  the  air  bubbling  through  the  solution  has  often 
Ix-eii  enough  to  show  this  graded  effect  down  the  intestine  The  duo- 
denum generally  suffered  most;  the  jejunum  came  next,  and  the  two 
segments  of  ileum  and  the  colon  suffered  least.  • 
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These  observations,  so  comparable  with  those  of  Child,  furnish  con- 
siderable proof  of  the  presence  of  a  metabolic  gradient  down  the  intes- 
tine. The  practical  aspect  to  the  problem  is  the  fact  that  the  results 
obtained  suggest  strongly  that  some  of  the  emetics  and  purgatives  owe 
their  effects  to  alterations  in  this  gradient — alterations  brought  about 
by  an  unequal  or  dissimilar  action  of  the  drugs  on  the  two  ends  of  the 
tract. 

Studies  on  cholesterol.     V.  The  blood  ckokslerol  in  maligTiant  disease  and 
the   effect  of  radium  treatmerd  on  the  blood  ehoUsterol.    Geobgine 

LUDEN. 

Between  November,  1915  and  December,  1917  a  total  of  1069  sam- 
ples was  tested  for  fiholesterol.  The  above  figure  includes  1052  der 
terminations  of  blood  cholesterol  on  human  blood,  goat's  blood,  gopher's 
blood  and  dogis  blood;  14  determinations  on  foodstuffs  and  3  on  hu- 
man pus.  Of  743  blood  samples  parallel  determinations  in  triplicate 
were  made  with  Bloor's  original  method  (Bloor  I,  with  sodium-ethylate) 
and  it«  modification  (Bloor  II,  without  sodium-ethylate)  making  a 
total  of  4658  determinations  with  Bloor's  methods.  The  advantage  of 
these  parallel  determinations  by  which  the  amount  of  cholesterol  split- 
products  present  in  the  blood  b  revealed,  was  shown  by  tests  made  on 
pathologic  human  blood,  including  70  miscellaneous  conditions,  41 
cases  of  pernicious  anemia,  37  of  exophthalmic  goiter,  3  of  myxederna 
tested  18  times  at  various  intervals  during  the  administration  of  the 
thyroid  hormone  {Kendall's  thyroxin),  79  determinations  on  the 
writer's  own  blood  as  normal  control,  9  cases  of  sarcoma,  (16  deter- 
minations) and  92  determinations  of  the  blood  cholesterol  in  carcinoma 
before  and  after  radium  treatment  including  20  weekly  determinations 
on  one  patient. 

The  blood  cholesterol  values  in  carcinoma  were  found  to  be  high  in 
43  per  cent  of  all  the  patients  and  in  56  p)er  cent  of  those  that  were  to 
have  radium  treatment.  In  the  latter  54  per  cent  had  equal  values  with 
the  Bloor  I  and  Bloor  II  method.  These  equal  values  indicated  some 
disturbance  of  cholesterol  metabolism  in  carcinoma,  since  a  difference 
between  the  values  obtained  by  the  two  methods  is  always  found 
normally  and  no  equal  values  were  found  in  252  determinations  on 
non-malignant  cases.  After  radium  treatment  the  equal  values  were 
found  to  disappear  and  the  percentage  of  h^h  values  dropped  to  10 
per  cent.  In  sarcoma  the  blood  cholesterol  values  were  found  to  be 
very  much  lower  than  in  carcinoma,  equal  values  were  observed  in  two 
cases  also  and  the  effect  of  radium  was  similar  to  that  observed  in 
carcinoma. 

In  myxedema  high  cholesterol  values  (but  not  equal  values)  were 
found  and  the  administration  of  the  thyroid  hormone  brought  the 
blood  cholesterol  back  to  normal  at  a  rate  parallel  to  the  rise  in  basal 
metabolism  which  it  induced. 

These  observations  seem  to  warrant  the  following  conclusions: 
•    1.  That  the  high  blood  cholesterol  values  found  in  carcinoma  are 
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not  due  to  cell  destruction,  since  they  are  towered  by  radium  treatment 
although  radium  causes  cell  destruction,,  but  that  they  are  due  to  a 
disturbance  of  cholesterol  metabolism. 

2.  That  the  disturbance  of  cholesterol  metabolism  may  be  but  evi- 
dence of  a  low  rate  of  basal  metabolism,  since  the  hi^  cholesterol 
values  in  myxedema  arc  reduced  by  the  administration  of  the  thyroid 
hormone  by  which  the  rate  of  basal  metabolism  is  greatly  increased. 

3.  That  radium  treatment,  by  lowering  the  blood  cholesterol  values, 
alters  the  chemical  composition  of  the  blood,  a  fact  which  has  not 
hitherto  been  taken  into  account  in  the  study  of  the  effects  of  radium 
treatment. 

4.  That  the  administration  of  the  thyroid  hormone  affects  the  blood 
cholesterol  values  in  a  manner  similar  to  that  of  radium  treatment  and 
may  therefore  be  expected  to  be  equally  beneficial  to  patients  suffering 
from  carcinoma.  However,  careful  investigation  (in  pr(^ess  by  the 
writer)  will  be  needed  before  definite  conclusions  can  be  drawn  con- 
cerning the  effect  of  thyroxin  in  carcinoma. 
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